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fo tfMr <^i^t#-rfi part of the ivjpon alvi f<ome topographic work had been done by 
tbfr lut0'ntMl¥mid IVHindarr Sur\'«fy. Theso maj>s" were itsed a.s a liasis for the 
g»;okjgi#' work* with !4tv:b j»upplein«'ntar\' c*orrec'tions and sket<*he.s as time and 
tuf^ff \0:rtfi\VUA. TTjrrMig^bout the field and office work the writer has had the 
efli^'i^rnt aiid of Mr. Cor*^v C i^ravt^in. 

T\i*r wriUfr. in r-omfjany with Mr. Brayton, reached Ketchikan on July 12. 
S*?*'^rail ^lay* w*?re -ffierit at thi- ittnut in outtittin)^ and organizing a party and 
in «'X2unining th*f ge^^U^jfy of the vicinity. A 35-fcx)t gasoline launch had been 
brought from .S#«ttle« and on thi'* the party of four lived and traveled during 
the pr^ign-- of the work. They were fortunate in securing as pilot Mr. L. 
Ander-^'h. whr^-!** long exjj^frience in the waters of southeastern Alaska made 
bini invaluable on a ^'^ja-t which had not l>ecn charted in detail. 

After l^^ving Ket^-hikan. the gokl deposits of Helm Ba\' and Snuiggler Cove, 
on (.'leveland lVnin^ula« were the first which were examined. Thence the party 
t'juttTi'UA K^fvillagig^fiio I-land. visiting Neets Bay, I^ll Island, and Burroughs 
Ifciy. This trip wa** made for the purjxisi' of det<»rmining the relation of the 
M^lirnentary U-^Js U> the O/ast Range granite. Th(» next stop was at the upper 
eml €>f Tliorn*' Ann. where the Sc-a I>»vel claim and adjacent gold- 1 Hearing properties 
were examined. The jiart}' then prrxrceded to the head of (leorge Inlet, making 
Wfveral ^U>\f^ to examine silver and lead de[>osits. The mining claims l)ordering 
Tongass (channel were visit«*d on the way to K(»tchikan, whence, after securing 
additional ?»up|)lies and fuel, the [^iily pnM-eeded to the lower end of Gmvina 
Island. At this [x^int wfveral <Liys were sfx^iit in examining the coppi^r deix)sits 
of Sc»al Ikiv and I>all Head. 

On August 4, aft4*r crossing (*lareiice Strait, Niblack Anchorage was reached. 
During a stay of s#»veral days a hasty examination was made of the more important 
c;^>p[x*r and gold claims of the vicinity. From this point a reconnaissance of Moira 
8^>und was made, and on August >s the jwirty r(ia(!hed the head of North Arm. The 
examination of the mining (daims in th<» vicinity of North Arm occiipi(»d the party 
until August 11. The l2th and I3th were sjM'ut in the gol(l-l)earing region in the 
vicinity of Dolomi, Johnson Inlet. From this point the party proceeded to the head 
of the North Arm of Cholmondeley »S>und, and thence made a trip across the portage 
and down Iletta Inlet Uy Cop|x?r Mountain, wh(»re a day was spent. On August 17 
and 18 the properties on the South Arm of (Jholmond(dey were examined, and August 
10 and 20 were spc^nt in Kitkun Bay. From Kitkun Bay trips were made to vari- 
ous claims on Skowl Arm, and on August 24 Kasaan Bay was reached. The exami- 
nation of the many mining projx^rties in the vicinity of Kasiuin Bay occupied the 
att<>.ntion of the party from August 25 until Sept(»mlx»r 4. During this time three 
days were spent in the Hollis gold-f)earing region. After a brief visit to Tolstoi 
Bay to s(».e the Iron Cap group of copper claims, the party returned to Ketchikan. 

aChartii NoH. 81UU and MKiU, T. S. Coast and (ieodetie Survey. 
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TV j4»r.fuwu^.w^ ''/ A.«bHiifcv »h'>h ^xt^twi* v>fith«wtward from Mount St. Elias, 
i- '."liail? '^a*>/t '^^-.fivifc^i^m Altbi^luk. Thw frf^tAtzl Vielt. with its c-ontiguou'^ islands. 
?-kS%>* *r. ar«>a <>f rt«*5irt7 V*.**' ^,ixtr^ miUr*. It }• inHuded between latitudes 54- 3«V 
aa4 •>'*^/4nri r*nor'^*vV^ 1:^/ «n*1 141 . That portion which is more especially 
fl-t-^ *o^Wr //f fh!^ ♦w^^fy-rv i>"« f// th«^ «^r>Tjth*A*t of Cn^-^s Sound and Glacier Bav, 
j»nd irvlt;*1**^ *r, »r*ifc '-jf «r<A#f '^'f/PPf **{n%Tf' rniW->. Its position relative to other 
pr>rfi//r*'» '^Z fr»^ *3»rrf/«» *orf;i/t^ ^::w^ ^t^it^r ^i*- r/^mpn'h^-nded hy the statement that 
rntkA. v^hi/r* i-* yy^fx! ''/Tt *fj \*bkuA in th*- northern |jart of this helt. is on the 
Hmt*' fiaralkl ^pf littxruu- ^ V'A'ifi^tfiT^. iu Sotland. 

Ali^k^ i- 'tr/iArp\^ '.r\f/> h^ht '/f^ff(T%ffhu' province's, correspond in^*- to and, 
\prffiui\y *\ff^k\ft^. f'f^i^%t^\A'i*' »ifh f b^j*^ of western Canada and the Tnited States. 
Tb*' w#r^t#'nrirrK^f of fti^w^ \f^\n(\f^. % rn^Hinfiiinou- ^lclt. whi<-h. in confoniiitv to 
Major i'om^W'^ rK/m^tk/lat/ir*','' rru^y ^ff, f-ulM the I'a^-ific Mountain system. East of 
ihU i- tb*- PUf>aij r^ioTi, ^^mnd^rd t/^ the ea^t and north by the third province, 
whi^'b i^ f(fnu*t\ bv the r^/rfii^rri and wfr^UTu ^'Xtcn^ion of the Rockv Mountain 
*iy4t/fm, Fla^it au^\ north fff thf Htftky Mountains is the fourth province, 
c//mprii<irf$r tb^' TlairM r^jri'^^n, rvMitb^-^^f^-rn Ala-ka falls entirely within the tirst 
of tbe«ie provinc/-^, Tb^r iVrifi/: Mountiiin M>tem in this rej^icn includes four 
irnfK^rtant ranj^e**. the Ofa^t, St, Klia-. Aleutian, and Alaskan nmcres, whose axes 
Hff' jiarallel to the c/ia^t, and nuni^TOfH inferior transverse i*anires. The Coast 
ICan^e, the St, Klia« lian^'e. and the Aleutian li^irijre lie adjacent to the coast. 
while the Alaskan Kan^e i^ inland and fornix the northern boundary of the system. 
The Aleutian and AlaMkan ranj^e^ lie out-irle the rej/ion u?ider discussion and will 
not \h'. further considered, 

Tlie rt^y-i-alled Onwt lian^e exte.nd-^ from near the iKiundary of Washin<jrton north- 
ward through BritiMb Odumbia into -outhea.^tern Alaska. In British Columbia it 
biw a width of about l^Kl milex, which decreases to the northward. Its peaks vary 
in altitude from 7,^KKl to H,(>i)^) feci, Followinj^ the crmst line foi- nearly !♦(►<) miles. 
it |mH**<»H iM'bind the St. Klias linu^i' ?iear the head of Ly?ui Ca?ial. Beyond this j)()int 
it de^'rejisi'.H in altitude northward Jind e-radiiallv losrs its distinctiveness, final! v 
merjfin^ with the Int<*Tior I'lati^iu. The Coa-^t Ra?i^^e luis ?io distinct crest line, hut, 
an Drs. Dawson and Hayes have ^hown. is an inej^ular a^^repite of mountains whose 
Mummits iriark an elevatiul plateau a?id whose limits an*, oftcm ill defined, hiland it 
locally irier^es with the Interior Plateau, and on the? coast side it is not always well 
diff(U'entiated from the mounbiins of the Alexander An'hipeIa<(o. 

'MJridiT 'Vm'ifSt: MoiintAitin" Miijor Powell included rMnj(«-*» lyltiK wi-vt of the BR*«lri ranK'*** in the Ciiitrfl States. 
Th" U'Tm '■ VnvHUt Moiiritnin nynlem" \n mtcndcfl to \iuiwUi ull of tin* rnountaluH of North AiiuTioi which lie 
MMiiiguoijH to Ihi- I'arJflc Orean. (See Monographii Nat. Geog Sor-., Vol I, 1h%, pp. 96-100.) 
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SKETCH OF THE GEOIiOGY OF SOUTIIEASTERX AI^ASKA. 

OEOORAPHY. 

The panhandle of Alaska, which extends southeastward from Mount St. Elias^ 
IS usually called southeastern Alaska. This coastal V)elt, with its contiguous islands, 
has an area of nearly 40,000 squai*e miles. It is included between latitudes 54^ 30' 
and 60^ 30' and longitudes 130^ and 141^. That portion which is more especially 
the subject of this skeU^h lies to the southeast of Cross Sound and Glacier Bay, 
and includes an area of about 20,000 square miles. Its position relative to other 
portions of the earth's surface can better be comprehended by the st4itement that 
Sitka, which is located on an island in the northern |mrt of this l>elt, is on the ^ 
same pai'allel of latitude as Edinburg, in Scotland. 

Alaska is divisible into four geographic provinces, (corresponding to and, 
broadly speaking, coextensive with those of western Canada and the United States. 
The westernmost of these includes a mountainous belt, whicli, in conformity to 
Major Powell's nomenclature,^ may be called the Pacific Mountain system. East of 
this is the Plateau region, bounded to the east and north by the third province, 
which is formed by the northern and western extension of the Rockv Mountain 
system. East and north of the Rocky Mountains is the fourth province, 
comprising the Plains region. Southeastern Alaska falls entirely within the tirst 
of these provinces. The Pacific Mountain system in this region includes four 
important ranges, the Coast, St. Elias, Aleutian, and Alaskan mnges, whose axes 
are parallel to the coast, and numerous inferior tiunsverse mnges. The Coast 
Range, the St. Elias Range, and the Aleutian Range He adjacent to the coast, 
while the Alaskan Rancfe is inland and forms the northern boundarv of the svstem. 
The Aleutian and Alaskan ranges lie outside the region under discussion and will 
not be further considered. 

The so-called Coast Range extends from near the boundary of Washington north- 
ward through British Columbia into southeastern Alaska. In British C-olumbia it 
has a width of about 100 miles, which decreases to the northward. Its peaks vary 
in altitude from 7,000 to 8,000 feet. Following the coast line for nearly 900 miles, 
it passes l)ehind the St. Elias Range near the head of Lynn C'anal. Beyond this \Knut 
it decreases in altitude northward and gradually loses its distinctiveness, finally 
merging with the Interior Plateau. The Coast Riinge has no distinct crest line, but, 
as Drs. Dawson and Hayes have shown, is an irregular aggregate of mountains whose 
summits mark an elevated plateau and whose limits are often ill defined. Inland it 
locally merges with the Interior Plateau, and on the coast side it is not always well 
differentiated from the mountains of the Alexander Archipelago. 



•'Under "Pacific Mountains" Major Powell inclnded ranges lyinj? west ol the Basin ranK<"^ in the ITnited States. 
Th • term " I'acitie Mountain system" is intended to include all ot the mountains «>f Nortli America which lie 
ii.niiguous to the Pacific Ocean. (See M<mogiaphs Nat. Geog Sck?., Vol I, lh%. pp. 96-100.) 
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GEOGRAPHY OF SOUTHEASTERN ALASKA. 15 

Westward from Cross Sound the St. Elias Riin^e, which seems to be the exten- 
sion of the mountainous Alexander Archipelago, forms the most prominent coastal 
feature of Alaska. Near Mount St. Elias the range has a width of about 100 miles, 
but it narrows down in both directions. Near Cross Sound the Fairweather group 
of mountains in the St. Elias Range reach altitudes of over 15,000 feet. Toward the 
west the range increases in height and complexity, culminating in Mounts St. Elia« 
and Logan, 18,060 and 19,500 feet in height, respectively. The mountains of the 
Alexander Archipelago cjin not be said to form any well-detined range. On Baranof 
Island are mountains reaching altitudes of 8,0(M) to 4,000 feet. On Princre of Wales 
Island there are also many peaks which rise to this height, but they are more or less 
irregularly distributed. In general, these mountain groups trend in a northwest- 
southeast direction, parallel to the coast line and to the Coast Range. There are 
but few topographic datii available in this region excei)t the contour of the actual 
shore line. 

The coast line of this part of Alaska is very irregular, the shore being marked 
by many deep embayments and islands. The shores are usually very abrupt and the 
deep water lies close to the land. 

More than half of the land area of that i)ortion of Alaska which lies southeast 
of Glacier Bay is included in the islands of the Alexander Archipelago. The largest 
of these are Chichagof, Baranof, Admiralty, Kupreanof, Kuiu, Prince of Wales, 
Etolin, and Revillagigedo, and there are many small ones. The longer axes of the 
larger islands roughly parallel the genenil trend of the coast of the mainhmd. The 
otherwise smooth coast lines of the islands are broken by numerous fiords, similar to 
those which penetrate deeply into the adjacent Coast liange. The islands are sepa- 
rated from each other and the mainland ])v deep and often very narrow waterw^ays. 
Some of these, like Lynn Canal, })enetrate far inland. An examination of the map, 
PI. I, will show that these features have more or less of a panillel arrangement, and 
elsewhere attention will be drawn to the fact that the direction of these channels is 
consequent on structural lines in the bed ro(*k. 

In southeastern Alaska four rivers of considemble size, the Alsek, Chilkat, Taku, 
and Stikine, have their sources in the Interior IMateau region, and nmch the sea after 
tmversing the coastal mnges. The Chilkat flows through the d(*})n*ssi()n which sepa- 
rates the northern extension of the Coast Range and the St. Elias Mountains. 

The Alsek system includes a region of extremely varied topography. Its up|HU' 
waters lie within the Yukcm Platwiu, and its valley lias there l)een cut to a de})th of 
3,<M)0 to 4,000 feet l)elo\v the general level of the surrounding country. Its lower 
valley cuts entirely through the St. Elias Range, and there the n'lief must l>e many 
thousand feet, but accumte data are entirely lacking. The Alsek is said to ]>e fed by 
numerous glacieix where it cuts the range. After leaving the mountains the Alsek 
spreads out into the l)road delta called Dry Bay. 

The Chilkat has its source in a broad depression which forms the divide between 
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it jLod the Alsiek Rirer. It fajb^ m r^outherlv nxirse mud flows into CliilluU Inlet, mn 
cmfaBTiDent of Lmn Cmoml. The vallev wmlL^ of the Cliilkat are chanu-terized hv 
WMDj ^MffOfA^ and ternu.^e:». which probably had a glacial origin. It is fed by 
BimierMi*' glaciers, which have their sounies in the St. Elias Kange to the southwest 
and in the Om^ Range to the northeast. 

The Tako River rises in the Plateau region, near the headwaters of the Teslin. 
At han> a {reiiend southwesterly course, and U tributary to Taku Inlet. It also nx-eivos 
•everal glacier^ where it traverses the Coast Range. 

The Sdkine River Is the largest of the four. It'* s<»urce lie> far inlana. m 
Dorthem British Columbia, where it> headwater^ interkx^k with thoH^ of the Liard 
River. In \t^ upper course it has a rather bruad valley, incited to a depth of 8.*j<» 
to 4j»«« feet in the plateau. Where it traverses the Coa.<t Range the valley is 
narrower and the walls are morp abrupt. It here receive^ many tributary- glaciers. 
At iv^ moath it ha^ a broad flood plain. 

On the mainland of southeastern .\laska there are nianv minor >treams which 
have their !<Minte!S within the Coast Range. 

The drainage of the inlands of the Alexander .\rehipelago is u>ually i-arried to 
the aetL by small breams. The lack of topographic majis makes it impossible to 
deascribe them in anv detaiL 

BED-ROCK GEOLOGY. 
INTKODUCnOX. 

So little is known of the lied-nx'k geology* of the jianhandle of Alaska, extending 
southeastward from Yakutat Bav, that it has >eemed to the writer worth while to 
correlate the data a\^ilable and to present some tentative ii^nclusituis. A few small 
areas in this region have Ijeen studied in more or less detail, ami many facts have 
been gathered, but practii-ally no attempt has Ihhmi made to bring them ti>gcther. 
The studies of the Canadian geologists, es^xvially those of Dr. Dawson near the 
international lioundary and in British C olumbia. have i-ontributtvl to the dci^iphering 
of the stratigraphic suivession and to the pointing out of some i>f the more iiii[x>rtant 
i<tructural features. 

Many of the early exploring ex|>editions which visiteil thi> coast includiHl natural- 
i^s who made collections and in their n*|K)rts made mention of some of the giH>logic 
feature^ of the region. These observations have Uvn ci>lKM-ted by Dr. IXill. •' to 
whose repcjrt the reader is referivd fi»r details. 

In 1>»>3 Mr. William P. Blake/' on his return fnnn J:i)kuu vi>itiHl v^itka and 
joined a Rassian expedition which exploivd the lA>wer Stikino. Mr. T. A. Blake 
made obser\ations on the geology and minenil ivsources of siuilhca^torii Alaska,*" 



«r/«; and liCTiile of A'.&.«^ka: Sevt-ntc^'nth Ann Rt-pt. l". <. lioO. Survoy. It. 1. l^iv. |»|v VwV,sr 

'^G«ocTmphical note* nf»:.n Rusaan Ameri^-H rtn<l tho Siikinc Kivor: Hmis^* Kx. IVh . Nv\ ITT. in. J. Kortioih Toncrcss, 

■crond reanfm. 

'*Topijp»ph:<-:al an«l jre«»l«-«iri***- foalurv*" oi iho northwi^i i*xmisi «»f Anu-ri. «: Am Jour. >vi.. :M T<^r«.*>. Vol. XLV, Irt^, 

r-:*. 212-247. (ii,^-^lixj nf A'.fttflLa TeiTitory: V. S. C^<u»l Survoy Rcixm for W.T. pp. .si-.^JiK 
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River. In the following year** the writer went inland by the Dalton-trail route and 
obtained some geologic notes along the Chilkat and Klehini river:*. 

There have also Ixjen brief reports in the technicral journals on some of the 
mining districts. The Juneau district has been descril3ed by G. W. Garside,* and 
the Ketchikan mining region by W. T. Brewer/ and also by an anonymous writer.'' 

GENERAL DESCRimON. 

\Miile but few of the details of the geologj' of southeastern Alaska are known, 
and even the general suoc*ession of beds is very much in doubt, yet the distribution of 
certain lithologic types is fairly well established. The roi»ks, in general, trend in a 
northwest-southeast direction, parallel to the coast line. There are certain lithologic 
types oivurring as l>elt^ running parallel to this strike, which seem to persist with 
somewhat remarkable uniformitv from Dixon Entrance to Lvnn Canal and lev Strait. 
These belts, together with some rather fragmentary paleontologic evidence, have 
))een used as the l^^is for the accompanying sketch map. In the compilation of this 
map the writer, who is familiar with only a part of the region, has had to make very 
lilieral use of the results of previous workers. Such a compilation must almost of 
necessity contain errors even were the region well known, but when it is considered 
that much of the region is hardly explored an additional soun^ of error appears. It 
is l>elieved, however, that the advantages of bringing the information together in 
graphic form more than counterlialances the objtH'tion to publishing a map which 
must contain many errors and omissions. The aim has been to represent chiefly 
the distribution of certain lithologic types on the geologic map, but this has led 
to a i'ertain amount of correlation. 

The granitic nx^ks of the Coast Range fonn the lK*st detinetl of the zones of 
litholi>gic unity. The granite is intrusive and i>ccurs in other part.> of the region 
in smaller arcjis. To the inist of the Coast Rangi^ is a series of sediments, proljably 
chieflv of Paleozoic aw. These are in turn overlain unison fonnablv bv vounger 
sediments, chiefly of Mesozoic age, i*ontaining ix>nsiderable volcanic material. 
Adjacent to the granite of the (^oast Uangi^ on the west is a l>elt of argillites, with 
some linK^stones of undetenuined agi\ ci>ntaining many greenstone intnisives. This 
series is ixmsiderably metamor|>bosiHl. To the west of the argillites blue limestones, 
but little altennl and containing IX^Vimian fi^ssils, hnve Ikhmi found at a numU^r of 
localities. The westernmost islands of the Alexander An*liiiK*lagt> arc chiefly made 
up of a >orii^ of white crystalline limestones and phyllito, which contain many 
gnvn^tone intnisives. Thest* nn^ks iHvupy ci>n>idcrablc aivu> in Printn:* of Wales, 
Baranof, C^hichagi>f, and Admiralty islands, and have Ihvii trace\i northward to 
( I lacier Ifeiv on the nminland. 



'» K«x>>r.r.*is<«iitv in»i« r>r»mM llnrU^r lo K:i»:\ i"*.i>. A'a>k« r\\tt:i\ :■.:>; Am-. Kij-: V. "^ «••.• '^v.rvv}. I*l. II. 1900. 

^Thora:nor«l t\-<*>ut\>i> *•{ '>*»mlu\-i'»i viH>kt«. Trjin^ Am. In^:. Min. Vn>: , Vi>'. XX. l'«>v.^-Av \y. M'»~>:2Lv 
^Tho Kt^iohikjui miniii;!; ^^^^t^iol. Alu-^kn. Kiij: M;n, J%»ur.. Vi>'. I.XXII. liVl. i jv tvV»-<s,v:. 
rfMJn. S.L rn'^ S*»pTomNrT. 1A»1. V.^l. LXXXlll. pp. 5ft»-10I. 
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These five belts — the white limestone and phyllite, the blue limestone, the 
argillites to the west of the Coast Range granite, and the Paleozoic and Mesozoic to 
the east — form the country rock of the larger part of this province. There are also 
Tertiary sediments^ volcanic rocks, and various types of intrusives in this region. 

PALEOZOIC SEDIMENTS. 

The older sediments west of the Coast Range have been differentiated into three 
groups, of which two are Paleozoic and one is probably in part Paleozoic and in part 
Mesozoic. The corresponding beds east of the Coast Range are all grouped together 
as Paleozoic, for it is impossible to differentiate them on the facts now available. 

The oldest beds in which fossils have been found are the limestones outcropping 
on the shores of Glacier Bay. This limestone, which Professors Reid and Cushing** 
describe as gray or blue in color, in places has been changed to a white marble. 
Professor Cushing found a few fossils in this limestone at Drake Island which were 
examined by Prof. H. S. Williams and determined to be Paleozoic. Later, on the 
evidence presented by these fossils, and particularly that of a coral collected from 
the Dirt Glacier by Prof. J. J. Stevenson, these limestones were assigned to the 
Carboniferous.* It will l>e shown below that the latter fossil is from an entirely 
different horizon. Through the kindness of Professor Williams, the Drake Island 
material was submitted to Mr. Charles Schuchert, to whom the writer is indebted 
for the following report: 

"I have examined the Drake Island material and find a large Leperditia of the 
Z. haltica group; MegaUyinus sp. undet., sections of a very large species very similar 
to M. canadensis; and IlotvnoU/ma sections, like seveml found in the Guelph of 
Ontario. 

'^The fossil on which one can depend for age determination is the Lepei'dltia, 
These large species of Leperditia cease with the basal beds of the American Dev^onian 
(Lower Pentamerus-Coeymans), but their greatest abundance is in the Wenlock and 
Dudley horizons of Europe. The Glacier Bay species is unmistakably related to the 
L, haltica of the Upper Silurian. Further, it is not related to the large Ijower 
Silurian forms of the L. fahulitcH group, and this is a,gaiu shown by the presence of 
very large bivalve shells which I take to be of the genus Megalomus^ a fossil so char- 
acteristic of the late Upper Silurian. Even if the large shells are not Megalomus^ 
these Leperditias alone prove that the limestone can not be younger than late 
Upper Silurian. It is true that the genus Ijcperditia is stated to occur as late as 
Lower Carboniferous time (Z. carhanaria Hall, Z. nicklesi Ulrich), but all the 
Devonian and Carboniferous species are minute forms, and if they do not belong to 
other genera, which is not improbable, they certainly can not be included in the 
Z. haltica group of Lepei*ditia. 

"The coral identified as Lonsdaleia comes from another locality (Dirt Glacier) 
more than 15 miles away, and can not be included in the Drake Island fauna. To 
this locality one should for the present restrict the type section for the 'Glacier 
Bay limestone,' for the reasons above given and for the further one that the coral 
was not found in situ." 

a Nat. Geog. Mag., Vol. IV, p. 59; Sixteenth Ann. Kept. U. S. Geol. Survey, Pt. I, p. 483. 
I> Sixteenth Ann. Rept. U. S. Geol. Survey, Pt. I, p. 434. 
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Reid and Curbing found an argiliitc scries underlying the limestone conformably. 
Both of these formations are closely folded. Their thickness was not determined, 
but it is probably several thousand feet. Intrusives of a dioritic character are 
plentiful in the Glacier Bay region, and show evidence of having suffered some 
deformation. 

White limestones were observed by the writer outcropping along Peril Strait on 
Baranof and Chichagof islands. They are intimately associated >vith argillites, and 
they are all rather (?losely folded. Greenstone intrusives are also conmion in these 
beds. The}' are in every way similar to those described from Glacier Bay, except 
that they are probably more metamorphosed. The phyllites of this series are well 
exposed on Rodman Bay, where they are finely plicated. A white crystalline lime- 
stone occurs at the southeastern end of Chichagof Island, near Sitkoh Bay, and again 
at Kootznahoo, on Admiralty Island. Large areas of white ciystalline limestone are 
exposed at the upper end of Prince of Wales Island, where a marble quarry is located. 
In the southern part of Prince of Wales Island are white limestones and phyllites 
which have been grouped together as the Wales series.^ 

The above facts go to show that there is more or less of a continuous belt of 
white limestones and phyllites extending through the westernmost islands of the 
Alexander Archipelago to Glacier Bay. At Glacier Bay these beds have been deter- 
mined to be of Upper Silurian age. The series is, therefore, provisionally assigned 
to the Lower Paleozoic. This series has commercial importance, as in its more crys- 
talline form it is known to carry gold and copper deposits. 

Reference has already been made to a coral which was found on the moraine 
of Dirt Glacier by Professor Stevenson, who describes the locality as follows:* 

'^'The 'Dirt Glacier,' or first eastern tributary of the Muir, must head up against 
an outcrop of this limestone, for one of the passengei's on our vessel picked up a 
form like Acef^vttJaria^ which, taken in connection with some Leprrditui obtained by 
Mr. Gushing in 1890 [Di'ake Island], tends to show that the limestone [of Glacier 
Bay] is not younger than Middle Devonian. '^ 

Through the courtesy of Professor Williams, Mr. Schuchert was enabled to 
examine the coral secured by Professor St-evenson, and he reports as follows: 

" Later this coral was sent to Professor W^illiams, and Gushing reports that he 
identified it as a Lonsdaleia^ * and regards it as demonstrative of the Carboniferous 
age of the horizon whence it came.' 

**I agree with Stevenson that the coral in question is an Acerrularta^ since it 
has no columella^ as is demanded for species of LouHdaleta, It is a species near A. 
davidsoni^ a coral characteristic of the Middle Devonian of the Mississippi Valley. 
It may prove to be a new species when sections are made. The gciuis Acevvularia^ 
however, is unknown al)ove the Devonian. Another Aver rul aria is known from the 
Mackenzie River country ( Cyathopht^Umn arrticuvi Meek), so that the genus may be 
expected to turn up elsewhere in the far North. 

a See pp. 41-42, and PI. II. bScottiHh Gcog. Mag.. Vol. IX, 1893, p. 70. 
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'^ Since Acervularia of the A. domdsoni type is so characteristic of the Middle 
Devonian, it seems safe to assume that beds of this age occur in the Glacier Bay 
region, and that it is the same general horizon discovered the past summer by Mr. 
Brooks at Long Island, Eiisaan Bay, and Prince of Wales Island." 

Mr. Schuchert's determination shows that this coral is from a bed which is an 
entirely different horizon from the limestones at Di*ake Island, which he detennined 
as Silurian. In view of this fact it is interesting to note what Professor Gushing 
says in regard to the limestone beds from which the coi*al must have come: 

^' However, further light has been shed upon this point by the discovery, 
chronicled by Professor Stevenson, of a piece of fossil coral on one of the moraines 
of the Dirt Glacier. A single one of these peaks amid which the Dirt Glacier has 
its source is capped by the limestone; otherwise the drainage basin of this glacier 
lies entirely in argillites or eruptive rocks, so that the locality whence this coml was 
derived is pointed out beyond question."** 

All this evidence points to the conclusion that there is a younger lirastone in 
the Glacier Bay region, which is of Devonian age. This limestone has not been 
identified at any other locality in the vicinity. In the southern islands of the 
archipelago, however, Devonian beds have been found at several places. Mr. 
Schuchert identified as Devonian some fossils* contained in a white crystalline 
limestone collected at Saginaw Bay, Kuiu Island, by Mr. Brightman. It is interest- 
ing to note that some f mgments of sandstone from this same locality contain Lower 
Carboniferous fossils. This is the only locality in southeastern Alaska where this 
horizon has been identified. 

\xi the Ketchikan district, as will be shown below. Middle Devonian fossils 
were found at Long Island, Kasaan Bay, and at Vallenar Bay, Gravina Island. At 
these localities the evidence goes to show that the Devonian rests unconformably on 
the older beds. These Devonian limestone^s, together with some associated slates, 
have been grouped together as the Vallenar series. 

The presence of Devonian fossils in these widel}' sepamted localities goes to 
show that beds of this period are probably well represented in southeastern Alaska. 
At the Prince of Wales Island locality the Devonian l>eds are almost entirely 
unaltered, and this rather unsafe criterion has been used to difl^erentiate them from 
the older white crvstalline limestone series. When more detailed examinations are 
made it may be found that some of the crystalline limestones are of Devonian age. 
On the map the Devonian limestone and associated })eds are grouped together as 
Upper Paleozoic. 

The Upper and Lower Paleozoic beds east of the Coast Range have not been dif- 
ferentiated, as they have l)een to the west, and they are therefore grouped together 
on the accompanying map. Dawson's work litis thrown much light on the general 

a Trans. New York Acad. Scl., Vol. XV. p. 26. 

fr Report on Paleozoic foflsils from Alaska, by Charles Schuchert, in Ai>i>endix II of C-oal and lifniite of Alaska: 
Berenteenth Ann. Rept. U. S. Qeol. Survey. Ft I p. 902. 
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relations of the l^lloow>ic rocks cast of the Coast Range, and the following is quoted 

fnmi his desiTiption:** 

'' East and northeast of the Coast Ranges the interior region traversed is, for the 
most |iart^ fliH>red by l^leozoi** rocks of very varied appi^rance, and probably refer- 
able to several of the main suMivisions of the geolc^ii»al scale. In so far as the infor- 
mation obtained in the n^gion here in question enables conclusions on the subjcvt to 
U^ fonmni, the lowest part of the roi*ks (1) consists of greenish and gray schists 
g\MH>nilly fcldspathic or hornblendic, but often quartzose and including distinctly 
mii^twnis and talctv«e Si*hists^ with sonM> liands of limestone, the lithologii*al charai*- 
tor of this suMivision U^ing exceeilingly \"arieil. Apparently overlying these are 
i:!^ gniY and blackish often lustnuus and sometinit^s more or less micai^eous i^lc*si*hists 
ami quartxites, including IhhIs of limestone of moderate thickness, which are often 
nh>re or less dolomitic« These are assoi^iated with, or pass up into <:^) black argillites 
or argillite-schists, als^> ixmtaining thin beds of limestone, which, at one locality on 
the lVas^\ haw affonUHl a small numlier of graptolitt^ of Cambn>-Silurian age. 
Next aU>ve these is a series ^4) I'^^nsisiing chiefly of massive limestones, generally of 
gray or blue-gmy i**>lor where unaltennl, Init often loi^lly changed into white or 
\"ariegate»^l crvstallim^ marbles, TTn^se are clo^^ly ass^xrtated with quartzites, which 
usually shi>w the iHXHiliar fine-gmintnl cherty character of those of the typiiial Cache 
i^re^^k si^rit*s i>n the Fmser ami ThtHiiiis^ni rivers. The thickness of this subdivision 
can m>t ^any nn^re than that of ihoei^^ pnn'iously mentit^nedt W stated with precisii>n, 
Imt that of the limestiHH^s ak^m" must be several thousand fe^t in s^nne i>laces. On 
the IVtise, on the Fmmx^ ami again *vn Tagish Ijake fossils of Carboniferous agt?, 
im'^lmling nK>re ^mrticularly a sj¥;vies of /'"«#jw//#*fi, ha\^ been detected in some beds 
of this liuH^one serit>s, pn>bably In^k^nging to it> upper jwrtion. Forms of the 
g^^nus /'Vjtw7/»t? are characteristic in ivrlain lones of the C^rlx^nifen>us limestone in 
C^ilif^^mia, Thev haw Uvn fiHind bv the writer in a numl^r of places in British 
iVlumbia, >iihi<c4i, with the di5i^x>\>*ries here repi>Ttcd on, ixvur at interims akmg a 
K^lt of «\Miniry to the m>nheciisi of the Coast Kanges for a distance of over H»» miles. 
TIh^ limcsl^Mu^ last n^^nti^HHHi a)>pears to be oiMnformably folloaed or even in part 
interHcsMed with v^\a gnxnt mass of nn^reor k*ss evidt^'nlly stratified T\vk>of volcanic 
origin, c^>m{Mnsing amygdak^kis, aggliHiH^nnles, and «^her nn^re massive materials, 
>fthk^h ai^tjtn^nlly re|>r^^si*nt ^>ld la\^-fl\>ws. All the?** aiv highly alleivd, m> much so 
that in >»i^>e ofcs^^s tht^ir original |4iysH^I character ts sirtinvly ikMiK^nstrable, while 
they haxe sutfere^l changes al<^> in <\>nsiitutkH), having been ixHivcried for the most 
{^rt into diaHji^^s, 

**Anak^ with the snwith^^m |v^riion< of Kritish Columbia whk-h 1 have exam- 
iiHxi ktiKls wic to N^bexv that iht* gTy>atcr }>*rt of ih*>^* v^^k^nv iittit raL;> are al7*> to 
S^* class*^ii as of I'inr^v^nifervMJs agx\ tHit it i> qr»ito pi\^^>*blo thai N^tw a> lo the >outii« 
ibey *»«ipriT^ as mx^U t\v'"k> of xhi^ilar apjv^^'aiHv >nh>oh at\- of Tr:*ss>*- age, but 
mhvh >*x^ are at i>T\><^^nt r.nabk^ to Ni^jturatc frwiv* thcr.i. Th^.> > :ur:r»tr n^ndenhd 
pTt\^^>*^>Je bx tin* twi^rremv in ^viiain Sla* k :4rc:iii:f>^ at ii^t^o:-*, v*. :r.T >4:kiiie, of 
T^-iavsic !\>i^il> ami b\ the o,i>*»\^\cr\ ^\ Mr, M^\\>:v:}t T. » f tv !>.>;.,> f :>:!^ Jkce \>n tke 
lA^mcr LiAni K:\cr, ^^iv ^iM^n^v to \\\c oa^J v^t :hf :\.;:^ • .v- -. rrv: y :,"> re-jx^rt."* 

A o,My itAT'i^y^ of thT> ^;,\\vw>on \x *!'. :hs: :o;.v/, .'^ TI-^^t- u:< ^ Vr .•' l*h- 
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The Unuk is the next river which gives a cross section of this region, but 
unfortunately its geology has not been studied. Prospectors report black slates 
with some limestone beds lying close to the Coast Range granite. 

Along the Skeena River Dawson^ found black and gray mica-schist imme- 
diately east of the Coast Range, and then a belt of massive gray limestone which 
in general appeai*ance corresponds to that found to the north. No fossils were 
found in this region, but it seems probable that this limestone is the same that 
has been described in the region to the north. 

These facts go to show that there is a belt of Paleozoi<' rocks lying east of 
the (yoast Range granite, stretching northwestward in British Columbia and Alaska 
close to the international boundary- and to the east of it. These rocks include sedi- 
ments of various descriptions, but are predominantly calcareous. Such paleon- 
tologic evidence as has lieen obtained points toward the conclusion that these 
Paleozoic l)eds range from Silurian or older to Carl)oniferous. The}' are cut by 
igneous rocks of various descriptions, only a few of which are represented on the 
accompanying geologic map. 

ARGILLITES. 

Immediately west of the Coast Range granite a l)elt of argillites, containing 
some arena<^eous beds and intruded by many masses of greenstone, has been 
traced northwestward from Dixon Entrance to Lynn Canal. The rocks making 
up this belt are schistose throughout, and the argillites are often highly graphitic. 
They are well developed in the vicinity of Juneau and Taku Inlet, and were also 
observed to outcrop along the lower regions of the Chilkat River and at various 
lo<*alities to the south. In the Ketchikan region these rocks, which have ])een called 
the Ketchikan schist*, o(»cup3' a broad belt upon the western side of Revillagigedo 
Island. The relation of these lieds to the Paleozoics lying west of them is unde- 
t^nnined, but in the Ketchikan region there has probably been faulting along the 
line of contact. Farther north no opportunity was presented for studying the 
boundary. Some limestones which are associated with the argillites are l)elieved to 
lie an integral part of the series, though they may ]>e portions of an older series 
exposed by erosion. The only fossils found in these rocks were some crinoid stems 
from George Inlet in the Ketchikan district, which have little determinative value. 

The folding and alteration of the argillite series is prolmbly due to the intrusion 
of the Coast Range granite.* The series has usually been regarded as of Mesozoic 
age, though there is no definite proof of this, except that its geographic distribution 
suggests that it overlies the Upper Paleozoic series, but this may l)e due to faulting. 
Portions of the series, including the associated greenstono-schisb*, are often heavily 
mineralized, and often carry commercial gold ores. 

fiRept. oil an exploration from Port SimpNOii on thu ]*acifl(* r^NU«t to Kilmonton on the Sa.Mkatchcwan, embracing a 
portion of tiie northern part of BritiHh (^olnmbia and the Teaee River country, by Geo. M. Dawson: Geol. Nat. Hist. 
Survey Canada, 1M7U-H0, pp. 1-177 B. 

frUool. Nat. Uitt. Survey Canada, new NcricH. Vol. III. I*t. I, 1KK7-^, p. 32 B. 
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The Unuk is the next river which gives a cross section of this region, but 
unfortunately its geology has not been studied. Prospectoi^s report black slates 
with some limestone beds lying close to the Coast Range granite. 

Along the Skeena River Dawson^ found black and gray mica-schist imme- 
diately east of the Coast Range, and then a belt of massive gmy limestone which 
in general appearance corresponds to that found to the north. No fossils were 
found in this region, but it seems probable that this limestone is the same that 
has been described in the region to the north. 

These facts go to show that there is a belt of Paleozoic rocks lying east of 
the C^ast Range granite, stretching northwestward in British Columbia and Alaska 
close to the international boundary and to the east of it. These rocks include sedi- 
ments of various descriptions, but are predominantly calcareous. Such paleon- 
tologic evidence as has \)een obtained points toward the conclusion that these 
Paleozoic beds range from Silurian or older to Carboniferous. They are cut by 
igneous rocks of various desc^riptions, onl}' a few of which are represented on the 
ac^companying geologic nmp. 

ARGILLITE8. 

Immediately west of the Coast Range granite a belt of argillites, containing 
some arenaceous beds and intruded by many masses of greenstone, has been 
traced northwestward from Dixon Entrance to Lynn Canal. The rocks making 
up this belt are schistose throughout, and the argillites are often highl}' graphitic. 
They are well developed in the vicinity of Juneau and Taku Inlet, and were also 
observed to outcTop along the lower regions of the Chilkat River and at various 
localities to the south. In the Ketc^hikan region these rocks, which have been called 
the Ketchikan schists, occupy a broad belt upon the western side of lievillagigedo 
Island. The relation of these beds to the Paleozoics l^'ing west of them is unde- 
termined, but in the Ketchikan region there has proba])ly been faulting along the 
line of contact. Farther north no opportunity was presented for studying the 
boundary. Some limestones which are associated with the argillites are believed to 
be an integral part of the series, though they may be portions of an older series 
exposed by erosion. The only fossils found in these rocks were some crinoid stems 
from George Inlet in the Ketchikan district, which have little determinative value. 

The folding and alteration of the argillite series is probably due to the intrusion 
of the Coast Range granite.* The series has usualh' been regarded as of Mesozoic 
age, though there is no definite proof of this, except that its geographic distribution 
suggests that it overlies the Upper Paleozoic series, but this may ])e due to faulting. 
Portions of the series, including the associated greenstone-schists, are often heavily 
minei*alized, and often carry commercial gold ores. 

a Kept, on an exploration from Port Simpson on the Pacific Coaitt tu Etlmonton on the Saskalchcwan, embracing a 
portion of the northern part of British Columbia and the Peace Kiver country, by (Jeo. M. Dawson: Geol. Nat. Hist. 
Survey Canada. 1879-80, pp. 1-177 B. 

6 Geol. Nat. Hist. Survey Canada, new series, Vol. Ill, Pt. I, 1887-88, p. 32 B. 
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MESOZOIC SEDIMENTS. 

The eastern belt of Paleozoic rocks is overlain unconformably by a sedimentary 
series. This series at its base is usually a conglomerate, and is made up of sandstones, 
arkoses, tuffs, and quartzites. It is typically developed at the upper end of Marsh 
Lake, where it includes many beds of volcanic tuff. At this locality the basal mem- 
ber, as determined by the writer, is a conglomerate whose pebbles are derived from 
the Upper Paleozoic rocks. Mr. Gwillim" has mapped the region Ijnng between 
Marsh Lake and Atlin Lake, and finds a considei-able development of these rocks. 
He is inclined to assign them to the Cretaceous; but Dr. Stanton, in a personal letter, 
says: ''I have recently seen a few fragmentary fossils collected by Mr. Gwillim in 
the Atlin Lake region, and they seem to ])e of early Jurassic age." 

In the Taku * section this horizon is represented by conglomemtes whose pebbles 
are derived from Upper Paleozoic limestones. In the Stikine River section Dawson*^ 
also found a conglomerate series which he provisionally assigned to the Mesozoic. 
Dr. Dawson^ reports some Jurassic fossils from the vicinity of Telegmph Creek. 
On the Skeena River Dawson ^ found Mesozoic fossils associated with gray argillites 
and sandstones containing impure coal. 

The above facts point to the conclusion that the eastern belt of Paleozoic rocks is 
overlain by a clastic series, the l)asal member of which is a conglomerate usually 
derived from the underlying beds. The age of the series is Mesozoic, and in part at 
least Jurassic. It probably does not occur as a continuous belt, but mther in isolated 
areas. Gwillim-^ reports its thickness as 5,0()0 feet in the vicinity of Atlin Lake. 

Still farther to the east and l)eyond the area under discussion Dawson^ found 
fossiliferous Cretaceous beds at manj'^ localities on the Lewes and Pelly rivers. 
These now occur as gently folded beds in isolated are^s. 

On the western side of the Coast Range the Mesozoic ro<»ks have nowhere 
been positively identified. At a few localities, however, heavy conglomerates 
were found overlying unconformaWy what are believed to be Paleozoic beds. 
Such an occurrence was found at the southern end of Gravina Island, in the 
Ketchikan district, where the conglomemtes are overlain by black schists, and the 
whole series has been called the Gnivina series. Mr. Schmder reports a heavy 
conglomerate at Hunter Bay, on the southern end of Prince of Wales Island. 
Conglomerates are also reported by pros|)ectors at Union Bay, on the northern 
side of the Cleveland Peninsula. When the geology of southeastern Alaska is 
studied in greater detail, no doubt other localities of this horizon will be found. 
Broadly considered, this conglomemte is probably equivalent to that found at the 
base of the Mesozoic series on the eastern side of the range. 

n Summary Repr)rt of the Gc>ologieal Survey Department for the year 1900, Ottawa, 1901. 

^ Nat. Ge(^. Mag., Vol. IV, p. 138. Also from unpublishiMl notes by Dr. Hayes. 

^•Geol. Nat. Hist. Survey Canada. 1887-88. p. 57 B. 

rfOp. cit.. p. 66. 

«'Geol. Nat. Hist. Survey Canada, 1879-80, p. 102. 

/Summary Report of the Geological Survey Department for the year 1900. 

pGeol. Nat. Hist. Survey Canada, new series, Vol. Ill, Ft. 1, 1887-«8, Sec. B. 
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TERTIARY SEDIMENTS. 

■ 

On the accompanying map a numl)er of areas of Tertiary sediments are repre- 
sented. These have been noted by prospectors and othei*s because they sometimes 
carry workable coal beds. They conwist of conglomerates, sandstones, and shales, 
usually slightly indurated and only gently foldeil. They have l>een studied in some 
detail by Dall," who assigned them to the Kenai division of the Oligocene. At 
Lituya Bay the Kenai lx>ds ai*e overlain by Astoria IkhIs (Miocene). 

At Sitka some highly feldspathic sandstones were observed, whose stratigraphic 
position was not determined. These were descril)ed by Bei*ker* as pyroclastic dio- 
riti\s. In thin section thev show manv minerals derived from crvstalline roi*ks. In 
the field they are sometimes massive, but more often thin bedded. Their stratigi*aphic 
position has not l)een determined, but they may provisionally l>e assigned to the 
Tertiary. 

IGNEOUS ROCKS. 

The granite of the Coast Range fonns the best-defined belt of igneous rock in the 
region. It extends northward from British Columbia throughout southeastern 
Alaska and crosses the international boundary again northwest of Chilkoot Pass. 
The granite usually contains hornblende and biotite, but has various local phases. 
It is typically massive, but frequenti}' contains shear zones. In places it has been 
altered to a gneiss. The gneissoid phases seem to be more typical in the southern 
part of the belt, in the Ketchikan region, than in the north. Dawson has suggested 
that the gneissoid phases might l>e of Archean age. 

In the section exposed along White Pass, as determined by the writer, the 
granite is entirely massive except for a few very narrow shear zones. It is 
frec]uently cut by dikes, usually of a dioritic or diabasic chamcter. Rhyolitic and 
andesitic rocks were also ol)serveil in the vicinity of Skagway. The intrusive char- 
acter of the granite has l^een proved by Dr. Dawson and others, and is well shown 
in the Ket4*hikan region along its contact with the argilWeous schist. Here lielts of 
granite and si*hist alternate irregularly. 

East of the Coast Range there are a numl)er of extensive an^as of granitic rocks, 
apparently lielonging to the same age of inti-usion as those of the Cojtst Range. To 
the west of the mountains smaller granite stocks are not unconunon. 

Greenstones are the most widely distributed of the igneous r(K»ks of the region. 
This term is made to include various igneous nx»ks of a mther Iwsic character and of 
varied oomix>sition. The oldest intrusion schmhs to have taken phu»o in early Paleo- 
zoic time and was of a dialmsic nature. These older greenstones are usually sc*his- 
tose. Diorites ami quartz-diorites are In^th massive and schistose. Among the less 
iHinnnon tyjH\s are gabbnxs, pyroxenites, and amphiU^Utes. The older givenstones 
an* usuallv nmch altennl and nuide up chietlv of secondarv mineral. In the Ketch- 

rtl'«^l Alul Ujiniloof AlA>kA: S<»vrnt«fmh Ann. Kii»c V . S. tntil. Survoy. I't. 1. i.p. TtV;; \^r<, 
^i;oUI di'KUiol f^mUkvru AUuikii: KiKtmvnth Ann. Ktpi. l *i. tiiH.l. SnrM'v. I't. 111. p. 4;i. 
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ikan district the diabases form the latest intrusions. Syenites have been found at a 
number of localities, notably at the Treadwell mine, near Juneau. 

In this connection reference must be made to the effusive rock of the Ketchikan 
district, where there are large developments of andesitic and rhyolitic rocks, believed 
to be of Mesozoic age. Basalts and rhyolite^ occur in isolated patches in this dis- 
trict. A few of the larger areas east of the Coast Range arc shown on the map. The 
more recent volcanic phenomena, so far as known, are limited to Mount Mgecumbe, 
a volcano on Kruzof Island, just west of Sitka. 

CORRELATION. 

The stratigraphy of the regions lying adjacent to the province under discussion 
is too imperfectly known to enable correlations to )>e made with confidence. It will 
be of interest, however, to draw attention to certain analogies of stratigraphic suc- 
cession and lithologic character. This is especially true of the field to the south, 
where the Canadian geologists have done some more or less detailed mapping. 

In a previous report '' the writer grouped the Carboniferous and Devonian beds 
of the Upper White and Tanana rivers together under the name Nutzotin series. 
This Nutzotin series would in a measure correspond to the subdivision called Upper 
Paleozoic on the accompanying map, but would probably also embrace a pait at least 
of the argillites which lie adjacent to the Coast Range. In the rejwrt cited the lime- 
stones of Glaciier Bay were all put in the Nutzotin, as they were then believed to be 
Carboniferous. In the same report the pre-Devonian sediments were grouped together 
as the Kotlo series, which would include the rocks of the Lower Paleozoic as defined 
in this report. As in southeastern Alaska, the two series are separated b\^ an uncon- 
formity, and there are, broadl}^ speaking, certain lithologic similarities in the roc^ks 

of the two regions. 

In the Copper River district Schrader and Spencer* have described two fonna- 

tions which probably fall in the Upper Paleozoic. These are the Chitistone lime- 
stone, believed to l>e of Carboniferous age, and the underlying Nikolai greenstone. 
This limestone can be provisionally correlated with the IFpper Paleozoic beds of 
southeastern Alaska. The subdivision made by Sc*hrader and Spencer of the beds 
below this limestone finds but little analogy in the older sediments of the region under 

discuasion. 

The comparison of the Mesozoic beds of the Copper River region and of south- 
eastern Alaska allows of certain tentative correlations. The Kennicott formation, 
occurring in the (k)pper River region, is generally of a sandy nature. It rests uncon- 
forma])ly upon the upturned Paleozoic and Triassic strata, and contains fossils which 
prove its age to be Jura-Cretac»eous, so that there are both paleontologic and structural 
grounds for correlating it with the recognized Mesozoic formations of southeastern 
Alaska. As regards the Lower Mesozoic ro<^ks, the Triassic is well developed in the 

« A reconnaiiwanre from Pyramid Harbor to EaKh> City: Twenty-first Ann. Kept. U. S. (teol. Survey, Pt. II. p. 3W. 
^Geology and mineral reaoun-esof the <.'<)ppi*r River district, Alajika; a royal wtavo pamphlet published by the 
United States Geological Survey iu 1901 by authority of a joint resolution of CouRresM. 
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Copper River district, while in the southern region it has not )>oen differentiated, 
although strata of this age may be, and probably are, included in the rocks which 
have been grouped either with the Upper Paleozoic Vallenar series or with the 
Ketchikan series, to which no age has been assigned. 

The Tertiary sediments of southeastern Alaska are chiefly equivalent to the Kenai 
series, which has been identified in many localities in Alaska. 

Dawson's last investigation** on the geology of this northern region is embodied 
in a report on the Kamloops district in southern British Columbia. This work was 
^done in much more detail than any which preceded,* and resulted in a definite deter- 
mination of the stratigraphic succession of all the formations involved. 

The Kamloops region is too distant from the province under discussion to make 
correlations possible at present, but it is interesting to note that the Cambrian period 
is represented by beds aggregating a thickness of 4(),(KX) feet. It seems probable that 
some of the Lower Paleozoic beds of southeastern Alaska may eventually )k» found to 
be of Cambrian age. The absence of Silurian and Devonian in the Kamloops region 
is noteworthy in comparison with the southeastern Alaskan section. Dawson finds 
definite evidence of the existence of pre-Cambrian rocks in this southern district. 

In describing the geology of the Queen Charlotte Islands, Dawson ^ groups the 
Triassic and Carboniferous beds together, and states that these are unconformably 
overlain by Cretaceous rocks. After the close of the Triassic, folding took place, 
and it was prolwibly during this general period that the great gninitic intrusions 
occurred. From the descriptions of Dawson these Triassic and Carl)oniferous rocks 
are believed to show a striking analogy to the metamorphic argillites which lie 
adjacent to the Coast Range gmnites in southeastern Alaska. Dawson finds a large 
amount of volcanic material in the southern pjirt of Vancouver Island in a series of 
rocks which he l)elieves to belong to the Carl)oniferous. These volcanic efi'usives 
seem to have the same stratigmphic position as the Kasaan greenstones of south- 
eastern Alaska, which have }>een provisionally assigned to the Mesozoic and probably 
belong to its lower portion. 

The Mesozoic sedimentary rocks in the province under discussion would seem to 
correspond to the Cretaceous of the Queen Charlotte Islands, l)oth in stmtigraphic 
position and in lithologic chai*acter. Dawson notes a period of folding which suc- 
ceeded the deposition of the Cretaceous. The Tertiary rocks descri]>ed by him are 
chiefly volcanic, and are provisionally assigned to the Miocene. 

On the Lower Skeena River and in the vicinity of Port Simpson Dawson found 
a metamorphic series made up of mica-schists and some limestones closely associated 
with gneisses. These would seem to ]ye the southern extension of the Ketchikan 

n Report on the area of the KamloofM map nheet, British Cohiinbia: iltH)!. Nat. Hist. Survey ('aiia<la, new serie«. Vol. 
VII, 1894. 

b Dawflon summarized the results of hi« twenty-five yearx of inveHtiffation of northwe«tem America in a piestdential 
addreKH to the (ieologieal Society of America, entitled. (ieoloKi<'Hl record of the K<H'ky Mountain region in (?anada. 
Bull. Geol. Hoc. Am.. Vol. XII. 1901. pp. 57-92. 

Report on the Queen Charlotte lulaudii: Geol. Nat. Ulst. Survey Canada. IKM). p. 4r> B. 
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series, which is part of the belt of argillite^s that lies adjacent to the granite of the 
Coast Range throughout southeastern Alaska. 

DYNAMIC HISTORY. 

The history of the deformation of the rocks of the region is complex, and has 
not yet been worked out. In the western belt of Lower Paleozoic beds the strata are 
intensely metamorphosed and deformed. To the east, in the Upper Paleozoic beds, 
there has been little dynamic action, while still farther to the oast, in the belt of 
argillites, the metamorphic action has again been intense. To the east of the Coast 
Range the Paleozoic rocks have all suffered about the same degree of alteration, with 
the exception of those which lie immediately adjacent to the intrusive granites. It 
is evident that the observed metamorphism has been of two kinds, assignable to dif- 
ferent causes — the regional metamorphism, which is due to deformation, and the 
contact metamorphism, which has been brought about by the intrusion of igneous 
rocks. 

The phenomena of contact metamorphism are commonly regarded as confined to 
chemical effects produced by the heat and accompanying gases of igneous intrusions, 
but many cases are on record where the mechanical effect caused by the pressure of 
the invading rock has been of great importance. Such is the case in the vicinity 
of the granite masses of the Coast Range, where the mechanical alteration of the 
rocks is quite comparable to the regional metamoiphism noted in neighboring 
localities; and, since the intrusion occurred after the greatest regional disturbance, 
the effects of the latter have been to a certain extent obscured by the former. 

There are three zones in the region which are marked by more or less intense 
metamorphism. One includes the rocks of the Lower Paleozoic, extending through 
the western group of the Alexander Archipelago, while the other two lie on either 
side and adjacent to the granite of the Coast Range. The two westernmost of these 
zones, in the southern part of the region at least, are separated by a belt of Upper 
Paleozoic beds, which are folded, but only slightly indurated, while the Coast Range 
granite separates the two eastern zones. 

In the western belt the sediments are intensely folded and plicated and ^re gen- 
erally metamorphosed to such an extent that the limestones appear in the form of 
marble and the argillaceous strata as phyllites. The broad structural lines are in 
general parallel to the axis of the belt — that is, northwest and southeast — but the 
axes of minor folds are extremely variable in direction. 

The i^eriod of mountain building during which these rocks were crushed and 
metamorphosed is the earliest of which we have any tangible record in southeastern 
Alaska, and in the Ketchikan district its date C4in be definitely recognized as pre- 
Devonian. It was during this epoch that the injection of the igneous rocks included 
under the designation "greenstone" conmienced, though later intrusions of similar 
basic rocks are known to have occurred, as shown by the relatively massive character 
of certain of the greenstones when compared with others which are highly sheared. 
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In the southern part of the province it will be shown that Paleozoic sedimenta- 
tion wa«s interrupted by mountain building, and also that a period of erosion ensued, 
probably in early Devonian times. The Devonian ])eds arc nuich less altered than 
those of the Lower Paleozoic, and the folding which they exhibit is of a broad, op<»n 
type. Tracing these Devonian beds eastward, they are found to become metamor- 
phosed as the zone of the Coast Range intrusives is approached. 

The alteration oliserved in the two eastern zones adjacent to the intrusive granite 
belt of the Coast Range may be assigned, in part at least, to contact metamorphism. 
On the west side of the range most of the rocks are gi'eatly altered argillites, and 
to the east of the range there is a succession of sediments whose basal meml)ers are 
also considerably altered. This metamorphism is in part plainly due to igneous con- 
tact, but must in part Ixi assigned to the mechanical stress brought about by the 
intrusion of the granite. The intrusion of the granite has been shown to be Mesozoic, 
and probably post-Triassic. The evidence of contac^t metamorphism is the presence 
of minemls such as garnet and mjcas, which are developed in a limited contact zone. 
Mechanical metamorphism evinces itself in the development of shear zones, and of 
foliation as the granite mass is approached. 

During Mesozoic times, and after the injection of the granite, large extrusions 
of volcanic rocks took place. These rocks, as well as the granite, were subsequently^ 
somewhat subjected to defonnation, which was most intense along the axis of the 
Coast Range, where the granites were in part changed to gneisses and mica-si»hists. 
Subsequently another intrusion of igneous rock took pla^e, which, though widely 
distributed, was not great in bulk. This e|:K)ch is represented by the large num]>er 
of dikes, usually (juite massive, which are found in different pails of the region. 
Deformational movements since Kenai time have ))een only of minor importance, as 
shown by the very gentle folding found in the Tertiary Iwds. So far as known, there 
is absolutely no evidence of a southern extension of the post-Tertiary disturbance 
which Russell^ noted in the Mount St. Elias region. The most recent evidences of 
dynamic activity are the volcanic rocks of Mount Edgecumbe and some basalt flows 
which have been found in various parts of the region. 

One of the effects of crustal movements has been the production of lines of weak- 
ness in the rocks, which have been sought out by erosive agencies. These structural 
lines, which are represented by joint planes, fissures, shear zones, and foliation, have 
aflfected not only the bedded, but also the massive roi*ks. They may l)e grouped into 
two systems, one of which trends nearly north and south, while the other runs north- 
west and southeast. Both of these systems find expression in the position of the 
channels and inlets of this coastal belt. (Compare map, PI. I.) 

SUMMARY. 

In the province under discussion Paleozoic terniiies i-jiiigiiig from Silurian or 
older to the Car})oniferous have an extensive development. Large masses of green- 

ttNat. Geog. Mag., Vol. Ill, lSm-91, p. 1G7. 
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tone« arc intruded in the lowest members of the Paleozoic series. In part of the 
region, at least, a stratigraphic break is known to occur somewhere in the Devo- 
nian. A series of argillitcs occurs which seems to belong to the Upper Paleozoic 
horizons, but its stratigraphic position was not determined. The Mesozoic is 
represented in one part of the region by sedimentary strata, whose basal member 
is a conglomerate, overlying the Paleozoic rocks unconformabl}', and in another 
part by large extrusions of volcanic rocks. There were injections of granite in 
large masses along the Coast Range axis, probably during Middle or L^ter Mesozoic 
times, and in smaller masses elsewhere in the region. The Tertiary is represented 
by lignite-bearing sediments of Oligocene age, which are only slightly disturbed or 
indurated. Some volcanic rocks have been extruded in post-Tertiary times. 
Besides these, dikes of various rock types are present in all the pre-Tertiary beds. 

The earliest epoch of intense disturbance was in pre-Devonian time, and was 
accompanied by large intrusions of basic igneous rocks. The next period of 
metamorphism was probably in Middle Mesozoic time, when the intrusion of the 
granite of the Coast Range took place. The alteration of the sediments adjacent 
to the mass of granular igneous rock is assigned jointly to contact metamorphism 
and to the mechanical effect of injections. The granite itself shows the effect of 
deformation, having been locally changed to gneiss and mica-schist. No evidence 
has been found of any post-Tertiary disturbances commensurate with these ancient 
revolutions. 

GLACIAL PHENOMENA. 
INTRODUCTION. 

Southeastern Alaska is par excellence the region of the world in which to 
study glaciers, and in the Territory more attention has been given to this branch 
of geology than to all others. There is a large literature which, directly or 
indirectly, bears on Alaskan glaciers, but many of the investigations have l)een 
mther superficial, and the descriptions have often been scenic rather than technical 
and accurate. There have been, however, a number of earnest workers who have 
made detailed studies and investigations. John Muir was the first to call attention 
to the magnificent scenery of what is now the much-traveled /Alaskan tourist 
route." In 1870 he, in company with the Rev. S. Hall Young, discovered and 
explored Glacier Bay. Muir subsecjuently spent several summers in this region, 
and has written very delightful accounts of it. The Rev. G. Frederick Wright* 
wjis among the early students of the glaciers of the region, and there have 
been many others. The more technical studies have l>een made by Russell,^ Reid,** 
Gilbert,* and others. 

"The dtecovery of Glacier Bay: The Ci'iitury Magazine. June, 1895. 

^Tlie Ice Age in North America, 1H«9, Chapter III. 

r Kxpe<1ition U) Mount St. Ellas: Nat. GeoR. Mag., Vol. Ill, 1891-92; Second exi>edition to Mount 8t. Elias: Thirteenth 
Ann Kept. U. 8. Geol. Survey, Pt. II, 1898. pp. 1-91. 

''StudieH of the Muir Glacier: Nat. Geog. Mag., Vol. IV, 1892-93; Glacier Bay and itsglaciera: Sixteenth Ann. Kept. 
U. 8. Geol. Survey, Pt I, 1896. pp. 421-161. 

<• Gilbert's results have not yet been published; they are to appear in a forthcoming volume of the Harriman 
expedition. 
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Of the regional gIac*.iation of southeastern Alanka not many details are known, 
and the lack of topographic data makes it a problem difficult of treatment. It han 
been discussed by Hayes,** Tyrrell,* and more especially by Dawson/ In the present 
sketch the writer will not attempt to summarize the literature, but will onh' present 
a few generalizations. 

EXISTING GLACIERS. 

The existing glaciers of Alaska are particularly limited to the westernmost 
of the four geographic provinces— the Pacific Mountain system — and the largest 
development of glacial ice is found on the seaward slo]>e of the St. Elias and 
Coast ranges. 

The average altitude of the St. Elias Range probably exceeds IO,(XH) feet. On 
the Pacific side the limit of perpetual snow on this great mountain mass is at an 
altitude of about 2,0()0 feet, and it is probably something over 6,50() feet on the 
inland slope. The interior of the range has never been explored, ])ut is known to 
include vast snow fields, which Russell viewed from Mount St. Elias and described as 
'"limitless in expanse." A similar description applies to the northern part of the 
range, which the writer viewed from a point on its inland margin almost due north 
from Mount St. Elias. 

These large n^v^ fields give rise to many glaciers, which discharge on both sides 
of the range. The glaciers on the inland slope of the range are comparatively 
insignificant compared with those on the Pacific slope. The largest ice fields of 
Alaska are to be found along the coast between Cross Sound and the Copper 
River delta, and they are, in fact, among the largest in the world. The develop- 
ment of glacial ice in this coastal l>elt is only equaled by that of Greenland. The 
larger glaciers, which are of the piedmont type, spread out on emerging from 
the mountain valleys and form those large seas of ice which are such chamcteristic 
features of this coast line. The Malaspina Glacier, which is west of Yakutat Bay, 
presents a front of over 40 miles and is a good example of this type. Besides 
these piedmont glaciers there are also many of the alpine typo, which do not reach 
the coastal plain. Those of the inland slope of the St. Elias Range are of the 
alpine type and'seldom even reach the floors of the larger valleys. 

In the Coast Range glacial ice is developed to a much less extent than in the St. 
Elias Range. The altitude of the mnge is not so great and the snow fields are much 
smaller. The precipitation from the moisture-V)earing winds of the Pacific is much 
more largely in the form of rain than of snow. This is in part owing to climatic 
variations due to difference in latitude. To the northward the line of perpetual 
snow rises rapidly, so that near Dixon Entrance it stands between 5,000 and 6,000 

a An expedition through the Yukon district: Nat. Cieog. Mag.. Vol. IV, pp. 117-162. 

bQlacial phenomena in the Yukon district: Bull. GiH>l. Soo. Am,, Vol. X. i»p. ll»-19S. 

<^On the late physiographical geology of the Rocky Mountain region in ('anada, with spi'eial refen'nce to the change 
in elevation and the hi.^tory of the Glacial period: Trans. Roy. S<k!. Canada. Vol. VIII. 1H90, sect. 4. ReiK>rt on the explora- 
tion in the Yukon district, N. W. T., and adjacent iwrtionsof British Columbia: GtH)l. Nat. Hist. Survey Canada, new series, 
Vol. Ill, Pt. II, 1887-88, pp. 1-277 B. 
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feet on the seaward side of the Coast Range. The mountainous basin of the 
Alexander Archipelago, which intervenes between the mainland and the open ocean, 
probably also has an important effect on the precipitation in the Coast Range. 

The glaciers of the Coast Range are of the alpine type, and are almost all on the 
seaward slope. Lynn Canal receiv^es several glaciers from the Coast Range, but 
none of them reach tide water. Taku Inlet and Stikine River receive a number of 
glaciers of considerable size, which have been described by Dawson and others. 
The coast line between the Stikine and the Taku has many indentations, and large 
glaciers are tributary to the heads of a number of these. South of the Stikine the 
glaciers are much smaller. Several are said to drain into the head of Portland 
Canal. No glaciers exist on the islands of southeastern Alaska. The glaciers of 
Alaska, as far as known, are all retreating. In the Glacier Bay region this fact has 
been definitely established by actual measurements made by Professor Reid. 

Near the southeastern end of the St. Elias Range is a large n^v^ which is the 
source of glaciers that radiate in three directions. Of these the glaciers of Glacier 
Bay are best known, since they are on the well-known tourist route of southeastern 
Alaska. The Davidson Glai'ier, emptying into Lynn Canal, has its source in this 
snow field, as have also a number of smaller glaciers which discharge into the 
southern tributaries of the Chilkat River. 

FORMER GLACIATION. 

The investigations of the past season contributed but very little to the glacial 
history of the region. It is worth while, however, to record such observations as 
were made, so that they may be available to those who study the region in future. 
Evidence of glacial action was found at low altitudes in nearly every part of the 
Ketchikan mining region, where the more detailed work was done. This evidenc^e 
was chiefly in the character of the valleys, the distribution of glacial bowlders, and 
in a few instances glacial striations. At only a few localities was any morainic 
material observed, and this only in ver^' limited quantities. 

The valley floors and the walls of the fiords near sea level usually show evidenc^e 
of glaciation, but in only a few cases was evidence obtainable in regard to the 
mountains. Near the western end of Moira Sound, on Prince of Wales Island, 
evidence of glacial action was found at an altitude of 2,200 feet. Near Niblack 
Anchorage, on the other hand, the topography suggested at least that the upward 
limit of glacial ai^tion had not been higher than 2,000 feet. In general, however, it 
can be said that the mountains of the southern part of the Alexander Archipelago 
have the appearance of having suffered glaciation up to a height of at least 2,000 
feet. In the northern part of the area under discussion only a few random observa- 
tions were made bearing on glaciation. Glacial bowlders are found at Juneau at an 
altitude of 3,200 feet, and there is also a moraine at the mouth of Gold Creek, on 
which the town of Juneau is in part located. On the Chilkat River, which is tribu- 
9210— No. 1—02 3 
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tary to Lynn Canal, terrac'CH were observed at an altitude of about 1,0<M> feet. 
On the Klehini River, a southerly fork of the Chiikat, similar terraces were notwl :\t 
an altitude of 1,40(> feet. These terraa^s usually slo|)e toward the axes of the valley. 
Their material, as far as determined, is sand and ^mvi»l, with some silt and ocvasion:il 
lK)wlders. It seems prolmble that these termees were built alonj^ the valley walls 
when the valley was occupied l)y glacier ice. Kvidenee of glacial action has Iwen 
noted by a numl>er of observers along Lynn Canal, Taku Inlet, and the Stikine River. 

Among the noteworthy toiX)gi*aphie features observed in this region are the nK'k- 
cut liasins occupied by lakes, which are of not unc()mmon occurrence, especially in 
the Ketchikan region. On the east side of Niblack Anchorage, on Prince of Wales 
Island, is a lake about a mile long and a quarter of a mile broad, which is entirely 
surrounded b\' a rock rim. Soundings showed that the bottom of the lake is about 
200 feet below sea level, while its surface is now a>)out 100 feet above tide water. 
Lakes similarly located were seen at other places, but were not sounded. It seems 
probable, however, that the Iwttoms of these rock basins frequently reach below sea 
level. An examination of the Coast Survey charts of the region shows similar 
depressions in the floors of some of the inlets. There seems to Ik* no other explana- 
tion for these basins than that they have >)een excavated by glacial scouring. 

In general it can be stated that all of the valleys and lowlands of southeastern 
Alaska, including the islands of the Alexander Archipelago, show glaciation. 
Whether the ice sheet which prodm^ed this glaciation overnxie the higher mountains 
of the archipelago or simply <K»cupied the valleys luis not been determined, for no 
definite evidence was found to show that the entire region has l)een occupied by ice. 

Dawson" described the glaciation of the northern Cordillemn region at some 
length. He has shown that the locus of ice accunuilation was in northern British 
Columbia, and that from that center the ice flowed in everv direction. Since Daw- 
son made his observations the northern limit of this ice sheet has been more accu- 
mtelv determined bv ditferent obs(Tvers, but, on the whoh», there has been but little 

%* •• 7 7 

added to the general knowledge of this glacial ejxK'h. 

The following quotation has a }>earing on the glaciation of southeastern Alaska:* 

''A certain proportion of the ice, however, during the maximum phase of this 
great glacier flowed through passes in the Coast Ranges, and uniting there with ice 
derived from the w^estern slopes of these ranges, filled the great valley between 
Vancouver Island and the mainland, impinged upon the shores of the Queen Charlotte 
Islands, and still farther north reached the ocean across the coast archipelago of the 
southeastern coast strip of Alaska." 

Dawson, therefore, regarded the ice sheet of the coastal Ijelt of southeastern 
Alaska and British Columbia as being the result of the accunmlation of ice and snow 
on the western slope of the ('oast Range. This was distinct from the ice sheet of 
the interior, but was connected with it by glaciers which occupied the valleys and 
rivers that >)reak the C'oast Range. 

'tTran**. Roy. Soc. ChiiikIu, Vol. VlII, 1890, sec. 4. ^Dawson, op. cit., p. 27. 
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Gilbert,** who is familiar with this region, is inclined to assign the present 
coai^tal topography of southern Alaska to glacial action rather than to depression. 
He has adduced some evidence which goes to show that since the glaciation there has 
been no depression in the region. On this point the writer has no evidence to offer. 
He is, however, very strongly impressed with the fact that ice action has played a 
very important part in producing the present topographic forms of this part of 
Alaska. 

THK KETCHIKAN MINING BISTRICT. 

GENERAL DESCRIPTION. 

The Ketchikan mining district embraces an area of about 7,200 square miles in 
southeastern Alaska, and is the southernmost of the several recording districts into 
which southeastern Alaska has been divided. The district (see map, PI. II) includes 
Prince of Wales, Revillagigedo, and many smaller islands, as well as a part of the 
mainland. It lies between latitudes 54^ 40' and 56^ 20' and longitudes 129^ 50' and 
134°. The international boundary marks its southern and eastern limits. The 
northern boundar}^ of the district follows Sumner Strait, Clarence Strait, Ernest 
Sound, the Eastern Passage, and Bi*adfield Canal to its head, from which latter point it 
runs due east to the international boundary. To the west the district is bounded by 
the Pacific Ocean, and includes all of the small islands lying adjacent to Prince of 
Wales Island. A little less than a third of the area of the district is mainland, the 
rest being included in the islands. Prince of Wales Island is the largest of the 
islands, and Revillagigedo Island is second in size. The following table shows the 
approximate areas: 

Approximate areds of principal islanda of Ketchikan district. 

Square miles. 
Prince of Wales Island 2, 800 

Revillagigeiio Island 1 , 043 

Dall Island 200 

Annette Island 142 

Gravina Island 100 

Kosciusko Island 100 

Duke Island 60 

Bell Island 19 

Hassler Island 12 

Betton Island 8 

From a topographic standpoint the Ketchikan district falls naturally into two 
subdivisions, one lying east and one west of Clarence Strait. The easterly portion 
embraces Gravina, Annette, Duke, and Revillagigedo islands and the adjacent por- 
tions of the mainland. The westerly portion includes Prince of Wales and the 
smaller adjacent islands. 

n Gilbert's results have not yet been published, but were briefly summarized in a paper read before the Geolo^rical 
Society of Washington, March 27, 1899. 
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Thi? I'HJstifrly |Kirt of tli^* (li?*tri4t fall> within tli«-('<rci>t Kiiii^n» |iroviiu*e. This 
|wrt of th<; ( V«i.>t Kaii^r (•on>i>ts of a nithrr ru«rjr«*fl iiiountaiii iiia>> having no wt»ll- 
rkftimfil rn»st Urn*. Th«* hijrh<"*t iN*ak> n-arh altitiulr> of ."»,i«N» to «;jmh» Uh^x. Aiiion^ 
th<; hi)^h(;r iiiountain> }^laricr> an* not unroimnon, hut ihvy are insi^nlHcunt in size 
roni[mn*d with thoM* in the northern fmrt of thi* nin«re. 

IVinee of \Vah*s Island is 140 inih*s in h>n<rth and has an extreme width of aUmt 
4M inihrs. With its contiguous island> on th«* w«»>t it forms a distim-t jjroup, which 
has a HM'tan^ular outline and i> seininited from the islands and mainland to the east 
bv Clarenee Strait. The eoa>t line of I*rinr«' of Wah»s Island is liroken hv manv 
deep em^mymeiits whieh run far inhind. At a numl^cr of l<H*alities such emlmyment^j 
approach ea«'h other from opi>osite sides of the island and reduce it* width to hut a 
few miicH. At many phices hroad valleys with very low divides connect these oppos- 
ing fiords. A depression of a few hundred f«M»t would fliH)d these divides and resolve 
Prince of Wales Island into an archiiM»lajro. Th«» relief on the island varies from 
1,500 to 3,r><X) feet. The shore line is genenilly abrupt and the mountains have very 
steep slopes. The larger valleys have thi' U-shai>t»d cross sei'tions typi<»al of glaciated 
regions. In the valley lM)ttoms the streams hav«» inciscnl jx>st-Glacial gorges. I^kes 
oi'cupying rock-lK)und Iwisins, whi<*h have Imhmi sc(K)ix*d out by glacial action, are 
found throughout the district. Of the dniinage but few details are known, as the 
interior of the island is (entirely unmapi>ed. (ienenilly sj)eaking, the streams have 
east- west -coui'ses. The dniinage system seems to be very irregular, the watershed 
lieing in some pla<*es near the (>asterii, in others near the western coast of the island. 
The mountains, the highest of which reach altitudes of al>out H,500 feet, form no 
well-defined mnges, but, broadly s^H^uking, have a north west -southeast linear arrange- 
ment. The islands on the west side of Prince of Wales were not visited bv the writer 
and but little information was olit^iined in regard to them. Their relief is prolwhly 
lej4s than that of Princ<» of WaK^s. 

The easterly province, in its relief and geneml tomographic character, i-an 
not proi)erly be separated from the C-oast Range. Minor ranges extend in a 
northwest-southeast direction through (inivina, Annette, and Duke Islands. The 
mountains of Revillagigedo Island and the mainland in general parallel the cos^U 
and also the dominant stru<tuhil lines. Tliey are divided into nian\' minor groups, 
within which there is no systcMuatic armngement or correspondence to rock 
structure. On these islands and on the Cleveland Peninsula to the north the 
dniinage follows northerly and southerly cours(\s, pamllel to the trend of the 
mountains. On the mainland to the east the principal water courses lie trans- 
verse to the axes of the ninges as a wlioh*. The chief rivers empty into the 
heads of the fiords, whose directions are the contimiation of their approximately 
northeast-southwest courses. The Tnuk River is the largest of these transversa* 
streams. Only a jwirt of its cours(» has ])e(»n mapiKnl, but its source must lie 
near the eastern limit of the Coast Range or within the Plateau r^j^on beyond. 



HISTORY OF THE DISTRICT. 37 

In its upper course it is said to occupy a narrow, rock-floored valley, but alx)ut 
20 miles from the coast it ])roadens out, and is floored with gravel to its mouth 
at the head of Burroughs Bay. Twenty miles south of Burroughs Bay the Chicka- 
min River enters Behm Canal from the east. It has a broad delta at its mouth, 
and for some miles up a wide, gravel-floored valley. Its source lies within the 
Coast Range among high mountains which give rise to a number of glaciers. 
The other mainland streams of the Ketchikan district are comparatively small 
and rise within the Coast Range. The largest are those which are tributary to 
the head of Portland Canal. 

HISTORY. 

- During the Russian occupation of Alaska, then known as Russian America, little 
or no attempt was made to investigate its mineral resources. A little coal mining 
was done on Cook Inlet, but, while it seems certain that the Russians had knowledge 
at lea^t of the existence of the deposits of chalcopyrite ore, which fonii extensive 
outcrops along the beach on the north shore of Kasaan Bay, the development of this 
and other metalliferous deposits was consistently avoided. 

Gold is said to have been discovered on the Stikine River in 1861, but it was 
not until after the transfer of Alaska to the United States that any attempts were 
made at placer mining. In 1865 the Russians sent an expedition to the Stikine 
River for the puipose of establishing the boundary between the Russian and English 
possessions. Prof. W. P. Blake accompanied this expedition as a volunteer, and 
made note.s on the geolog}- of the region, which were subsequently published as a 
Congressional document,'* and which constitute the first authoritative information 
in regard to the mineral resources of southeastern Alaska. Blake noted the pre.s- 
ence of placer gold on the Stikine River. The workable deposits were chiefly on 
the Canadian side of the international boundarv. 

DuriniJf the earlv seventies manv miners went to the newlv discovered Cassiar 
gold district of British Columbia, and at that time a little prospecting was done in 
southeastern Alaska. The main route of travel to the Cassiar diggings was via 
Wrangell and the Stikine River. About the same time gold was reported from 
the Unuk River, but there was no systematic attempt to develop the field. 

It is siiid that a party of prospectors, attracted hy the reports of the Russian 
tradei's (concerning the occurrence of copper on Kasaan Bay, visited Prince of Wales 
Island during the years 1S70 to 1S74 and discovered valuable de^wsits of copper. 

The com]:)arative isolation of the district, and the fact that such enormous quan- 
tities of native copper had been found in the Lake Superior region, are probably the 
reasons that these sulphide deposits of Prince of Wales Island attracted but little 
attention. Moreover, the gold deiK)sits of the northern jMirt of southeastern Ahuska 
attracted most of the prospectors. Gold-l)earing quartz veins had l)een discovered 

a House Ex. Doc. No. 177, Pt. 2, Fortieth Conffrew?, aooond Resslon. 
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near Sitka in 1873,^ and systematic development was be^n in 1877. This was fol- 
lowed in 1880 by the discovery of the gold placers and gold-bearing quartz veins near 
Juneau. 

During the succeeding years, while the miners near Juneau were being opened 
up, the Ketchikan district was entirely neglected. It was reported that valuable ore 
deposits existed on Prince of Wales Island, but prospectors seem to have regarded 
the rumors as not suflSlciently definite to wari-ant any attempt at verification. In his 
Tenth Census report Petrof * mentions a mine which had been opened on Prince 
of Wales Island but which had subsequently closed down. Though he does not 
give the location of the mine, it is probable that he refers to abortive attempts at 
the development of the copper deposits on the north side of Kasaan Bay, near the 
present location of the Copper Queen. Miner W. Bruce, in his report to the Elev- 
enth Census, states that "surface indications" on Prince of Wales Island indicate 
that it contains important mineral resources. The following is quoted from his 
statement:^ 

"The indications on the surface .are that Prince of Wales Island contains much 
mineral. Gold, both free milling and in sulphurets, silver, galena, copper, and iron 
have been found in many places, but as yet no extensive efforts have been made to 
demonstrate whether any of the ores mentioned exist in paying quantities. If min- 
erals exist in other portions of the district, the very limited prospecting done has 
failed to show it. Annette Island may be an exception, and also Dall Island. Some 
of the finest specimens of gold-bearing ore I have seen in my journey are said to 
have been taken from Dall Island." 

Whatever may have l)een Mr. Bruce's authority for making the above statement, 
it is certain that at the time of his visit but little prospecting had been done on 
Prince of Wales Island. 

It was the men who were engaged in salmon fishing who were next to interest 
themselves in the presence of ore bodies in the Ketchikan region. These men, whose 
vocation of hunting and fishing led them to explore the coiist line of the region, had 
their attention called to the numerous quartz veins, and the more intelligent and 
energetic among them were led to do a little prospecting. They met with favorable 
results and were encouraged to continue. Prominent among them in 1892 was 
James Bowden, who discovered what he believed to be vvorkal)le gold deposits on the 
eastern side of Annette Island. In 1897 discoveries were made on Gravina Island 
and near Boca de Quadra.^' In the succeeding year a numlwr of important loca- 
tions were made, notably the Gold Standard property on Cleveland Peninsula, and 
some of the copper prospects at the northern end of Gravina Island. 

During the Klondike excitement of 1897-98, Wrangell became an important 
transshipment point, as, during the Cassiar rush many years before, the Stikine 

a Population and ReHOurccs of Alaska, Eleventh Census of the United States, 1890. pp. 229, 230. 

6 Population, Industries, and Resources of Alaska, by Ivan Petrof. Tenth Census of the United States, 1884, p. 77. 

o Population and Resources of Alaska, Eleventh Census of the United States, 1890, p. 39. 

d Report of the Governor of the District of Alaska, 1897, p. 81. 
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River was used as one of the routes into the interior. Some of these prospectors 
found their way into the Ketchikan district. A party of these disappointed 
argonauts wiiich landed in Johnson Inlet, on Prince of Wales Island, learned of the 
discovery of gold in the vicinity through Paul Johnson, an Indian bo}'. The mem- 
bers of this party made many locations, and began some preliminary developments. 

During this period exploitation was going on actively at Helm Bay and on the 
Sea Level property near the head of Thorne Arm. Also some preliminary work 
was being done at several localities on Tongass Narrows, and at Seal Bay and Dall 
Head, both at the southern end of Gmvina Island. In 1898 prospecting was begun 
at Copper Mountain, on Hetta Inlet, Mount Andrew and Copper Queen, on ICasaan 
Bay, and in the following year discoveries were made at Hollis, Niblack Anchorage, 
and on Skowl Arm. The last two years have seen great activity in the Ketchikan 
district, and probably several hundred claims have been staked. At a number of 
localities systematic mining has been undertaken. More detailed descriptions will be 
found in the succeeding section of this report. 

The mineral products of the district which have thus far been marketed are 
gold, silver, and copper. In spite of the fact that hardly a single mine can be said to 
hjive yet rea<'.hed a shipping basis, the district to the end of 1901 produced probably 
over $100,000 in gold and upward of $20,000 worth of copper. 

The town of Ketchikan, which is the general distributing point for the district, 
is located on the west side of Revillagigedo Island and on the east side of Tongass 
Narrows. With a population of 600 to 7U0, and ample stores and hotels, it makes a 
good outfitting point for those who wish to examine the district. It can be reached 
by steamer from Puget Sound ports in two or three days. As Ketchikan is the port 
of entry for southeastern Alaska, all the steamers, l)oth from Puget Sound and from 
Canadian ports, have to make landing. It has therefore excellent steamboat 
connections ju»d ample wharf facilities. A small but comforta])le steamer makes 
regular trips from Ketchikan to the various mining camps on the east side of Prince 
of Wales Island. There are also a lumiber of small launches and sloops at Ketchikan 
which can be chartered for cruising among the islands. 

The prices of provisions and supplies are not nmch in advance of those of Seattle. 
In 1901 freight mtes were quoted to the writer as follows: From Seattle to 
Ketchikan, ^ a ton; from Ket<»,hikan to iK)ints on Prince of Wales Island, Jf3 per 
ton. Coal retails at Ketchikan for $11 a ton. Lumber varies in price, but for small 
lots sells for a]>out $15 or $16 per thousand. Wages in 1901 were $2.50 to $8 per 
day and board, but experienced miners were very difficult to find. 

Up to the time when the mining excitement began salmon canning was the chief 
industry of the region. Canneri(»s are located at Ketchikan, Loring, Metlakatla, 
and at a numlicr of points on the west side of Prince of Wales Island. There are 
also many salteries within the district, where the salmon are salted instead of canned. 
The canneries and salteries are usually in operation from about the middle of June 
until the Ist of October. 
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GEOLOGY. 
INTRODUCTION. 

The greater part of the two months which were devoted to the study of the 
Ketchikan district was given to an examination of the ore deposits, and the mapping 
of the geology was necessarily made incidental to the economic work. For this 
reason, and because there are no topographic maps of the region, the distribution of 
the formations can be represented only in the most general way. The general geologic 
observations which have been made are in manv cases not sufficient to warrant more 
than tentative conclasions, but it is believed that the descriptions and the general 
succession of formations as here presented will not be materially modified when the 
region is studied in detail, though the formations will undoubtedly^ l)e more minutely 
subdivided and many structuml features will \ye found which were entirely overlooked 
in the work of last season. 

The oldest rocks of the district are crystalline limestones and phyllites, which 
occupy a large area on Prince of Wales Island and have l>een willed the Wales series. 
They are believed to ])e of Silurian or pre-Silurian age. 

Succeeding these is a series of bluish limestones, calcareous schists, and black 
slates, which was found along the western part of Ciravina Island. It has been 
named the Vallenar series, from its typical exijosures on the bay of the same name. 
Fossil. evidence goes to show that this series is, at jmrt at least, of Middle Devonian 
age. 

The name Ketchikan series has l>een applied to a succession of argillites with some 
limestones and arenaceous l)eds which are found along the eastern margin of Gravina 
Island and along the w^estern margin of Kevillagigedo Island. These rocks are believed 
to l)e in part Paleozoic and in jmrt Mesozoic. 

On the southern end of Gmvina Island massive conglomerates were found uncon- 
formably overlying the Vallenar rocks. These have l)een termed the Gravina series, 
and are provisionally assigned to the Mesozoic. At Coal Bay, an arm of Ka^aan 
Bay, some lignite-bearing l)eds (wcur, which are lielieved to be Tertiary. 

Igneous r(K*ks have a wide distrilnition in the region, granite Inking among the 
most abundant. The eastern part of the district is occupied by a ])road, batholitic 
belt of granite, whi(?h is the princii:)al constituent formation of the adjacent portion 
of the Coast Range. This is found cutting the Ketchikan series. At various other 
localities granite stocks were found. Pegmatite is not uncommon in dikes, and 
syenite was found at one locality. Diorites are widely distriliuted as stocks, dikes, 
and sills, (iabbros and amphil)oles also occur among the intrusives. Greenstone- 
schists are widely distributed and are found associated with all the sedimentary 
beds except the Gmvina series. They are made up chiefly' of chlorite, with some 
actinolite, epidote, and other schists. Diabases are very common, and belong to the 
latest intrusions in the region. Of the effusive rocks, which are also well repre- 
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sented in the district, the most abundant is the porphyritic rock which has been 
termed the Kasaan greenstone. Its general character is that of an andesite, but 
it shows great local variations, and probably includes some intrusive rocks. 
Rhyolites, trachytes, and basalts were also noted at a few localities. 

BED-ROCK GEOLOGY. 
SEDIMENTARIE8. 

TFa/^w series. — A belt of argillites and white limestones extends in a northwest- 
southeast direction through Prince of Wales Island, and these, with the possible 
exception of some gneisses found associated with the granite, are the oldest rocks of 
the district. These argillites and limestones, together with closely associated green- 
stones, have been provisionally grouped as one formation under the name Wales 
series, although eventually the series will unquestionably be further subdivided. 
This belt is interrupted in many places by are^s of younger effusive rocks, which will 
l)e referred to hereafter. 

The series as a whole can be divided into two parts, one of which is prevailfngly 
argillaceous, while the other is essentially calcareous. Both the argillites and lime- 
stones are intensely folded, and they are frequently much metamorphosed. The 
reconnaissance did not allow the definite establishment of the a^e relations of the two 
portions of the series, but the greater part of the evidence points to the conclusion 
that the argillites are older than the limestones. This idea of the relative ])osition of 
the two portions of the Wales series is supported by the known succession of argillites 
and limestones probably of the same age at (ilacier Bay. 

In the Ketchikan district the argillaceous part of the Wales series is well devel- 
oped west of Twelvemile Arm, in the vicinity of Hollis. At that locality the rocks 
are typical clay slates and phyllit^s, often carrying graphite and including some 
interbedded arenaceous strata. Intrusives of a basic character are not uncommon. 
To the east of the argillites is a belt of white crystalline limestone apparently over- 
lying the argillites. From notes obtained from prospectors it seems probable that 
these argillites extend to the northwest and form the country rock of the gold-bearing 
region southwest of Karta Bay. Similar argillites were found at the western end of 
Moira Sound, where they also appear to underlie the crystiiUine limestones which 
outcrop to the east. Schmder reports that argillaceous and arenaceous sediments 
outcrop on Hunter Bay, near the southern end of Prince of Wales Island, which are 
probably of the same series. 

The limestones of the Wales series are nuich more extensively developed in 
the Ketchikan district than the argilliti\s. They are ti-aceable as a broken belt 
from Moira Sound northwestward to the western part of Kasa^m Ba}' and west- 
ward to Hetta Inlet, which was the limit of the reconnaissance. Marble is 
reported at the northern end of Prince of Wales Island. The limestone is typi- 
cally white or bluish white, crystalline, and often dolomitic. It is usually much 



42 THE KETCHIKAN MINING DISTRICT, ALASKA. 

jointed and sometimes schistose. Basic intrusives are even^where closely asso- 
ciated with the limestone, oc<;urring as narrow sills and dikes and also as broad 
belts within the limestone area. These greenstones are always schistose and 
sometimes finely foliated. They are apparently of an intrusive character, though 
it is possible that some of them are tutfaceous. Narrow belts of graphitic slates 
and phyllites occur within the limestone area, locally producing a resemblance to 
the underlying argillites, which made it impossible to differentiate the upper and 
lower members of the Wales series. 

No measurement of the thickness of this series was obtained. It seems 
prolmble, however, that the limestone alone is several thousand feet thick. 

The age of the Wales series was not determined. It will be shown below 
that the succeeding rocks, which overlie them unconformably, are of Middle 
Devonian age. The northern extension of what is })elieved to be the same series 
has been shown to carry Upper Silurian fossils, and it will therefore be pro- 
visionally assigned to the Silurian. 

The rocks of the Wales series carry important ore bodies. The phyllites are 
fractured, and in several localities are cut by true fissure veins containing ores 
which sometimes carry good values in silver and gold. Similar veins are found 
intersecting the crystalline limestones. As will In? shown below, some of these 
seem to be replacement. Another form of oi^e-lnjaring veins, which carry l)oth 
(*opper and gold, occurs at the contact of crystalline limestone and intrusive 
igneous roi'ks. Mineralized zones containing copper and gold are found in some 
of the schistose intrusives which cut the Wales series. Workable l)eds of marble 
are reported to have been found in this series. 

Vidlettar Hcriex. — The next succeeding horizon is the Vallenar series, so named 
from its type exposures on Vallenar Bay, at the northern end of Gravina Island. 
The series is composed essentially of limestones and calcareous schists with some 
black slates. 

The distribution and metamorphism of the Vallenar series are somewhat 
puzzling. At Long Island in Kasaan Bay ])lue limestones carrying Devonian fossils 
are well exposed. These are only gently folded and appear to unconformably 
overlie a quartz-schist which contains much feldspar. At Vallenar Bay, on the 
other hand, is exjwsed a similar fossiliferous limestone which has been much 
crumpled and considerably alti^red. It will be shown that this increase in 
metiimorphism to the east is pro])ably due to the action of the intrusive Coast 
Range granite. Such local variation in the amount of metamorphism makes it 
probable that the Vallenar series will eventually ]>e identified in other localities, 
among certain of the metamorphic limestones which have here been assigned to the 
Wales or Ketchikan series. 

The Vallenar series has l)een mapped as a broad belt on the western side of 
Gravina Island. It was positively identified, however, only at Vallenar Bay. At 
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the southern end of the island were found calcareous schists and black slates 
which are provisionially assigned to this horizon. The correlation of the beds at 
the two ends of the island rests upon a very slender foundation. 

The Vallenar rock, like the underlying beds, contains intrusions of greenstones 
of various character. These are usually schistose and often highly contorted. At 
Dall Head, in Se^l Bay, occurs a system of pegmatite dikes cutting both the 
Vallenar series and the associated greenstones. These are of interest because of 
the close association of the ore bodies with them. 

On (jravina Island the eastern limit of the Vallenar rocks is marked bv what 
is believed to be a fault, and no determination of their thickness could be made. 
At Long Island the blue limestone which there forms the basal member of the 
series is probably 200 feet thick. 

The discovery of fossils at Long Island definitely determines the age of a 
part, at least, of the Vallenar series. These fossils were referred to Mr. Schuchert, 
who reports as follows: 

''The specimens from Long Island are FavositeM near K epidermatus in abun- 
dance; Callopora?\ /\<7/?aa?sp. undet, a small species; fi'^y^^/rfiz/^sp. undet., a strongly 
plicated small species; Airy pa reti>ciilar!H Linn^; Parazyga apparently near P, hir- 
»uta\ Campophyllum sp. undet., a large species with a very deep cup; and Acervul- 
ar!a with large coralites. The specimens from Vallenar Bay include a rhomboporoid 
bryozoan unknown in rocks older than Devonian. The age may be the same as the 
coral-bearing strata of Long Island. 

"The age of the fossils from the above-mentioned localities is Middle Devonian. 
While each lot has a different association of species, all are of Middle Devonian age, 
but may represent different horizons. 

"Similar Alaskan coral faunas of Middle Devonian age are known on the Upper 
Kuskokwim at latitude 63 ' 10', longitude 154"^ 56', and near Cape Lisburne, on the 
Arctic coast. 

"From Kuiu Island, in southern Alaska, a few fossils of Middle Devonian age 
are known, but the fauna is quite different in that it contains no corals. A different 
horizon, possibly a lower one, may be indicated." 

As has been shown, Schuchert regards these beds as in general synchronous 
with the horizon from which a coral was secured in the debris of Dirt Glacier of 
Glacier Bay. 

A broad depression, which connects Vallenar Bay on the north with Bostwick 
Inlet on the south, divides Gravina Island into two distinct parts. The western 
part is believed to be. occupied chiefly by the rocks of the Vallenar series; to the 
east are slates and greenstones which belong to the Ketchikan series. While there 
is no positive evidence, the topographic features suggest that there has been faulting 
along this depression. 

At the southern end of Gravina Island important copper deposits have been 
found in rocks which were correlated with the Vallenar series. These occur associ- 
ated with the pegmatite dikes which have been referred to. 
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Ketchlkay serlefi, — The rocks of this scrios are ar^ilhicoous and arenaceous schists, 
foniiing a l)elt which lies, between the Vallenar rocks and the granite of the Coast 
Range. They were found in the vicinity of Ketchikan, on both sides of the Tongass 
Narrows, on the western part of Revillagigedo Ishmd, on the Cleveland Peninsula, 
along-Cxeorge Inlet, and on the eastern side of liehni Canal as far as Traitors Cove. 
They are also found in Thorne Ann, George Inlet, and in the lower part of Carroll 
Inlet. They are for the most part finely foliated slates and phyllites, usualh' cann- 
ing considerable graphitic or carbonaceous matter, t^st of Ketchikan they include 
some arenaceous }>eds which are more or less flaggy. While for the most part 
argillaceous, they also include some limestone areas, which seem to be an integral 
part of the series. As far as could be determined, the limestones })elong to the uppej 
part of the series, and the lower part is pnu^tically devoid of calcareous matter. 

The limestones which were observed in this series are limited to two or three 
belts in the vicinity of George Inlet and Throne Arm. These limestones are white 
or bluish, usualh' quite crystalline, much jointed, and sometimes foliated. It is 
possible that the structure in the vicinity of these limestone beds has been misinter- 
preted, and that they, as a matter of fact, belong to an older series which has been 
infolded with the argillite>?. 

The beds of this series strike northwesterly and southeasterly with varying dips. 
Usually they are closely' folded, (ioing eastward across the strike, one finds the 
argillites to l)e more metamorphosed and the folding more intense as the granite is 
approached. Near the contact the rocks are altered to phyllites and sometimes to 
mica schists. This fact suggests the possi})ility that the mica-schists which occur 
within the Coitst Range gmnite l)elt may belong to the KeU*hikan series. 

The e4istern limit of the Ketchikan series is formwl by the Coast Itange granite 
mass. These gninites are intrasive, and near the contiict there is usuiiUy an irregular 
succession of slate and gninite })elts. 

Neither the thickness nor the age of the Ketchikan ro<»ks could be determined, 
but near Coon Island, on George Inlet, the limestones of the series were found to 
contain many crinoid stems, which suggests that the limestone at leawt lielongs to 
the Upp(M' Paleozoic*. In the sket<*h of the geology of southeastern Alaska a l>elt of 
argillittvs is descril)ed (p. "lA) which includes the Ketchikan series and which lies 
adjacent to the gmnite on the west. Evidence is there presented which t^nds to 
show that these rocks are in part Meso7X)ic; an attempt to correlate them with the 
described formations of adjacent portions of British C/oluml>ia suggests* that the 
limestones of the Ketchikan seri(\s an» C'ai"l)oniferous, and that the argillites may l)e 
Triassic, and therefore younger than the limestones. However, the structural rela- 
tions of the limestone beds, as far as determined, lead to the conclusion that the 
argilliteij are the older. At pnssent, therefore, it is inip()ssil>le to state definitely the 
WW of the Ketchikan series, or its relations to the Wales and Vallenar series. 

Intrusives are very conunon throughout the area occupied by the Ketchikan 
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series. Besides the main mass in the Coast Range, smaller stocks of granite are 
occasionally found, and intrusive greenstone is of very common occurrence. A belt 
of fine-grained greenstone-schist, which the microscope shows to have Ixjen derived 
from a diabase, is exposed on both sides of Tongass Narrows, and is again found 
on Betton Island and Cleveland Peninsula. Granular rocks resembling diorite also 
occur, and these were observed to cut the diabase. 

The Ketchikan series is important from an economic standpoint. The phyllites 
are jointed and fissured, and the fissures are sometimes filled with gold-bearing veins. 
Within the greenstones of this series there are mineralized zones which aflford gold 
ores. Notable examples of the latter are the ore deposits of Cleveland Peninsula. 

Gravina series, — ^This is a series of massive conglomerates overlain by black 
shales or slates and closely infolded with the rocks of the Vallenar series. It was 
observed at Dall Head and elsewhere on the southern side of Gmvina Island, and 
although it has not been identified with certainty elsewhere in the region, more 
detailed investigation will doubtless reveal its presence. At Niblack Anchorage, on 
Prince of Wales Island, at an open cut on the Lookout claim, a small outcropping of 
heavy conglomerate was observed, which may be of the same age as that on Gravina 
Island. Schrader reports a similar conglomerate on Hunter Bay, at the south- 
ern point of Prince of Wales Island. Notes obtained from prospectors indicate a 
similar occurrence at Union Bay, on the northern side of Cleveland Peninsula. The 
basal bed of the series is a massive conglomerate composed of usually rounded peb- 
bles representing the various types of rock occurring in the adjacent formations. 
Above the conglomerate there are black shales and slates. Both the conglomerate 
and the shales have been intensely squeezed, and the former is much jointed and 
fissured. The evidence points toward the conclusion that previous to the deposition 
of the Gravina series the region over which it was laid down had existed as a land 
area, subject to subaerial erosion. The coarse conglomerates at the base of the series 
mark the advance of the sea over this ancient land. In the general discussion of the 
geology of southeastern Alaska it has been shown that this series is probably the 
equivalent of the Mesozoic beds on the Stikine River, the Taku River, and the 
Upper Lewes River, and of the Kennicott formation of the Copper River district. 
On the Queen Charlotte Islands Dawson has shown that a comparable stratigraphic 
break occurs near the base of the Cretaceous. It is thus probable that the placing 
of the Gravina series in the Cretaceous is correct. 

Ttrtiary beds. — It has already been shown that Tertiary beds, chiefly of Kenai 
age, have a wide distribution in southeastern Alaska, though they aggregate no 
great thickness. Within the Ketchikan district the Tertiary has been found at only 
one locality, and there its age could not be definitely determined. At Coal Bay, a 
southern arm of Kasaan Bay, some lignite- bearing beds were found, and are believed 
on general grounds to be of Kenai age. These beds consist of soft feldspathic sand- 
stone with some shale, which is almost horizontal. The lignite seams thus far 
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the region, and its unaltered occurrences belong to the latest intrusion. The typical 
diabase usually occurs in small dikes and carries olivine. The olivine-diabase 
usually shows its chai'acteristic ininei*al in the hand specimen. The olivine is con- 
tained in a dark-green crystalline groundmass. In thin section the olivine occurs 
as well-developed phenoirrvsts, with a groundmass having an ophitic structure and 
consisting of plagioclase, brown pyroxene, and small irregular olivine grains, 
together with leucoxene, magnetite, etc. These olivine dikes seem to have been the 
feeders for the basalt flows which arc not unconmion in the region. Another type 
of dia}>ase is similar in character except that it does not carry olivine. 

The diabases which are described in this section are all massive, and have been 
intruded since the latest deformation of the region. Among the greenstone-schists, 
however, there are many rocks which are apparently altered dial)a8es, and which 
will be referred to later. 

GMroic rtTcks, — Roi^ks of this type are very uncommon in the district On 
Moira Sound was found a small exposure of coarsely crystalline basic rock which is 
much weathered but is probably an altered gabbro. In thin section large semi-idio- 
moi*phically developed plagioclase individuals were observed, with a cement of 
amphibole, chlorite, and epidote, probably derived from the original dark silicates. 
A similar type of rock was observed on the West Arm of Cholmondeley Sound. This 
contained pyroxene as a dark silicate. 

On Copper Mountain, in Hetta Inlet, a finer-grained roi*k was found in contact 
with a crystalline limestone. This rock was made up of plagioc*lase and pyroxene 
and various other minerals. It is provisionally classed with the gabbros. 

Amphlholltiu — At Copper Mountain and at several other loc*alities dikes of a 
pale-green aphanitic rock were observed, which in thin section was found to be made 
up almost entirely of a granular aggregate of a highly refractory mineral, probably 
an amphibole. 

GreeDstmie-Hchlstft. — The most common igneous rocks of the region are schists, 
made up of various minerals but having the common characteristic of being igneous 
and green in color. They are here grouped together because of lack of detailed work 
to ditTerentiate them. They are usually highly schistose, though sometimes more or 
less massive. One type is directly traceable to alterations of fine-grained diabases; 
others, again, are altered diorites. They occur in the Wales, Vallenar, and Ketchi- 
kan series. They probably belong to different pericxls of intrusion, but these can not 
be differentiated without further studies. A very conunon type is a (juartz-chlorite- 
schist carrying some feldspar and often some amphibole. Some few also carry con- 
siderable p3^roxene. Where amphibole predominates they can be classed as amphibole- 
schists or as actinolite-sehists. The more basic types are epidote and zoisite-schists. 
With these are also classed some talc-schists, which are evidently alterations of still 
more l)asic rocks, and which were found at only a few localities. While most of 
these schists are believed to be alterations of intrusive rocks, it is ix)ssible that some 
are of extrusive origin. 
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Another type of schistose rock was found at Niblack Anchorage. This is essen- 
tially a quartz-feldspar-schist, often containing considerable chlorite and sericite. In 
its least altered form it consists of a crystalline aggregate of orthoclase and quartz, 
often with chlorite and sericite, but it has usually been sheared, altered, and i^educed 
to a quartz-sericite-schist. These quartz-sericite-schists consist essentially of fine 
mosaics of quartz and sericite, with oc*casionally some feldspar. They are most 
likely an altered rhyolite. The schist forms a belt probably half a mile or three- 
fourths of a mile in width, which is traceable for at least a mile in a northwesterly- 
southeasterly direction. It is intruded in the greenstone-schists, which in turn ai'e 
intruded in the Wales series. A similar schist was found on the South Arm of Chol- 
mondeley. It is of special interest because Jt contains important bodies of copper 
and gold. Most of the rhyolitic rocks of the region belong to the more recent 
intrusions, and it seems probable that their extrusion took place in Mesozoic or later 
times. The rhyolitic schist at Niblack Anchorage is a much older intrusion, and has 
no connection with the more massive rhyolites. 

Kasaan greenstone. — Of the igneous rocks in the Ketchikan district the Kasaan 
greenstone has the most extensive development. It occurs in a variety of types, but 
as a rule it is a pale- or dark-green massive rock, more or less jointed, usually with 

« 

well-developed phenota-ysts of plagioclase feldspar. The groundmass has considerable 
variation in its lithologic constituents, but it is usually microcrystalline and made 
up essentially of plagioclase feldspar and hornblende or augite. It frequently con- 
tains orthoclase and considerable quartz, and thus approaches a rhyolitic type. In 
other cases augite is not an uncommon constitutent of the groundmass. Magnetite 
is a common accessory. Some phases of this rock are apparently diorites, both in 
structure and in composition. They differ, however, from the other diorites of the 
region in being much fresher and in being always porphyritic. As the Kasaan 
greenstone is believed to be largely effusive, these dioritic phases probably represent 
the central portions of large flows which have been exposed by erosion. Intrusive 
rocks are, however, probably included in this greenstone complex. 

The Kasaan greenstone is typically quite massive, with, however, marked 
systems of jointing. In some localities well-developed shear zones are found in 
it. These seem to be of rather local character and to follow lines of faulting. 

On the accompanying map, PI. II, the approximate distribution of the Kasaan 
greenstone is shown. More detailed work will probably show many errors in 
this mapping, as it is often impossible in the field to distinguish the Kasaan 
greenstone from the older greenstones associated with the Wales series. 

The belt of this rock which occupies the western part of Clevelaid Peninsula is 
of the dioritic phase. In the peninsula lymg between Clarence Strait and Kasaan 
Bay, and also on the eastern brancHi of Skowl Arm, the greenstone contains a 
number of shear zones. 

Within the greenstone are found some narrow belts of limestone, which are 
9210— No. 1—02 4 
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too small to be represented on the geologic map. These limeston&s are usually 
crystalline, but are not as much sheared as those of the Wales series. Their 
origin and age is an unsolved problem, hut they probably represent the land 
floor on which the greenstone was poured out, and can be provisionally correlated 
with the Devonian of the Vallenar series. 

The Kasaan greenstone was extruded after the defonnation of the Wales and 
Ketchikan series. It seems probable that it is of later origin than the Coast 
Range granite, for it shows evidence of having suffered during the crustal 
disturbances which accompanied this intrusion. The greenstone can therefore be 
assigned to a date later than the Triassic. It has ])een shown elsewhere that 
there was volcanic activity in the Queen Charlotte Islands during I^ower Creta- 
ceous time, and the Kasaan greenstone is probably a manifestation of the same 
period of eruption. 

This formation possesses considerable economic interest from the fact that it 
contains copper ores, and possibly' nickel ores as well. The peculiar copper deposits 
of Kasaan Peninsula are associated with this rock, as are also the copper and nickel 
deposits of the Skowl Arm region. 

Rhyclites, — Rh3'olites are not uncommon in the Ketchikan region. They were 
found as dikes and small flows in all parts of the district. At most localities thej' 
were so much altered that it was difficult to determine their original character. On 
the east side of Twelvemile Arm, near the Lavinia claim, some exposures of rhyolite 
were found which showed flow structure and other evidence of their extrusive char- 
acter. In this rock phenoi'rysts of quartz and orthoclase are scattered through a 
finely laminated groundmass of cryptocrvstalline character. The groundmass 
consists of kaolin and other secondary minerals, and is probably a devitrified glass. 
These rhyolites probably ))elong to the same general period of extrusion as the 
Kasaan greenstone. Mention has already been made of a quartz-feldspar-schist 
which is believed to be an altered rhvolite. 

Trdchyten, — Tmchytic rocks were found at only two lo(»alities, and in both cases 
the exposures were so much weathered that the identification was doubtful. At the 
head of the South Arm of Moira Sound are exposures of a bluish, fine-grained, 
crystalline rock which in thin section showed small phenocrysb* of orthoclase in a 
groundmass made up chiefl}- of orthoclase with some calcite and sericite. A similar 
rock was found in the Southwest Arm of Moira Sound. 

Bimdta. — Basalts are not common in the Ketchikan district, though they have 
been described from many localities in adjacent areas. Those that were found differ 
very little in character from the diabases which have already been described. They 
occur as small flows, and all those that have been studied carried olivine. 

SUMMARY OF GEOLOOIC HISTORY. 

The strata of the Ketchikan district comprise ))oth sedimentary and igneous 
rocks, representing sedimentary deposits and volcanic activity since early Paleozoic 
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time. At various periods there have been important crustal adjustments within the 
region, some of which have been wide reaching, while others have been quite local 
in their effects. The linal result of these disturbances and the subsequent erosion 
of the region has been to leave the formations, as they outcrop at the surface, 
disposed in belts having a geueml northwest-southeast strike. Along any one of 
these belt^ the rocks are characterized by lithologic uniformity, while in a direction 
at right angles to this they are extremely variable. 

The earliest records of sedimentation in the Ketc*hikan district are contained in 
the Wales series, which forms the countr}' rock of the greater part of Prince of 
Wales Island. It is possible that certain of the gneisses and mica-schists found 
associated with the granite of the Coast Range represent a still older series, though 
these are in part known to be derived from the surrounding sediments or from the 
granite itself. 

The lower part of the Wales series is predominantly argillaceous and the 
upper part calcareous. The calcareous beds are believed to he of Silurian age, and 
the underlying argillaceous beds are presumably Lower Paleozoic. The fact that 
Cambrian rocks have an extensive development in a province not far distant suggests 
that these Lower Paleozoic sediments mav include Cambrian strata. After their 
deposition these beds were indurated and then intensely plicated by crustal move- 
ments. During this period of disturbance, which was probably in early Devonian 
times, extensive injections of igneous rocks of a basic character took place. These 
igneous rocks were in part subjected to the same deformation as the sediments with 
which they are associated. 

The close of this cycle left a part of the land mass above water and subject to 
stream erosion. After partial degradation submergence followed, and the deposition 
of the Middle Devonian limestones and carbonaceous shales took place. These two 
latter are grouped together imder the name Vallenar series. 

The general facts of the geologic history of the region are fairly clear up to 
and including the deposition of the Vallenar series. The records of the succeed- 
ing epochs are obscure, and the stratigraphic succession has not been determined. 

East of the Vallenar series is a belt of more or less altered argillites and beds 
of crystalline limestone, which constitute the Ketchikan series. What evidence 
there is points toward the conclusion that this series contains strata of both 
Upper Paleozoic and Mesozoic (Triassic?) age. The eastern boundary of the 
Ketchikan series is formed by the granite rocks of the Coast Range. These 
granitic rocks occupy a large area in the eastern part of the district. They include 
both massive and gneissoid, and even schistose, phases. The former are plainly 
intrusive in the argillites to the west, while the gneisses and schists are believed 
to be sheared portions of the massive granite. The intrusion of this great bath- 
olith would cause not only extensive contact metamorphism but also considerable 
mechanical deformation. The metamorphism caused by this intrusion affected the 
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entire Ketchikan series, and prolmbly caused more or less disturbance among the 
rocks lying still farther to the west. 

Subsequent to, or possibly during, the granitic invasion large masses of effusive 
rock were ixjured out in the western part of the district. The most important 
effusive type has been termed the Kasaan greenstone, which is of an andesitic 
type. These volcanic rocks are provisionally assigned to the Mesozoic. 

During Mesozoic times (probably earl}' Cretiiceous) the Gravina series, made 
up of fragmentary mati^rial, chiefly conglomemte and slate, was deposited uncon- 
formably upon the Ketchikan series. Its position in the sti*atigi*aphic column is 
inferred mainly from its analogy to the bexls of Cret4u*eous age found on the 
Queen Charlotte Islands. All of these Mesozoic roc*ks, })oth sedimentary and igne- 
ous, have suffered more or less deformation. Indeed, the gmnite, Ka^^aan green- 
stones, and Gmvina series were all affected bv the crustal movements which 
followed the depositions of Mesozoic times. The disturliance seems to have }>een 
most intense within the Coast Kange gmnitic area, and to have decreased to the 
westward. It was probably during this period of defonnation that the later dike 
rocks were injected and many of the ore lx)dies formed. Record of deposition 
during Tertiary time was found at only one locality- , though l)eds of this period 
are not uncommon in other parts of southeastern Alaska. These beds have lieen 
only slightly deformed. 

The crustal movements in later Tertiary times were principally continental 
in their character, but the knowledge of the region is too limited to warrant 
definite statements concerning them. During Tertiary times much of the land 
mass was reduced to a i>eneplain, out of which during subsequent elevation the 
present land forms were carved. The position of the major drainage channels was 
dependent on structural features. Subsequent to the development of a topography 
ver}' similar to that we see to-day, the ice invasion took place and scoured out 
and deepened the preexisting valleys and fioi'ds. This was probably followed by 
a slight depression. 

The salient facts in the geologic history of the region are as follows: The 
Wales series was first deposited. The district was then uplifted, folded, and 
subjected to erosion and again submerged. Then followed the deposition of the 
Vallenar, Ket<;hikan, and Gravina series. The district was then again uplifted 
and folded and the Coast Itaiigc* granit<» was intruded. The land was then again 
subjected to erosion and was then probably slightly depressed. 
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ECONOMIC GEOLOGY. 
GENERAL REIJ^TION8. 

In the character and mode of occurrence of its economic products the Ketchikan 
district offers greater variety than any other mining region which has thus far been 
exploited in Alaska. The metalliferous deposits of the district show the presence in 
commercial quantities of gold, silver, copi>er, zinc, lead, and perhaps nickel. Other 
possible mineral values lie in the mar])le, which has received a limited development, 
and in the granite and the limestone. 

Gold placers have been found in the district, but they are not extensive and do 
not form an important source of gold. Gold occurs in veins and minei*alized zones, 
both free and in pyrite, and to a limited extent in tellurides. Silver is closel}' asso- 
ciated with gold deposits in galena, and in limited quantities in tetrahedite. The 
copper ores of the region, in the order of their importance, are chalcopyrite, malachite, 
bornite, chalcocite, and cuprite. Of these the first four fonii the important ore 
bodies thus far discovered. The copper deposits show a great variety of occurrences, 
both in veins and in mineralized zones. The zinc occurs as sphalerite (zinc blende) 
and in iissociation with both copper and silver-lead ores. Nickel has been repoiled 
to occur in some of the pyrrhotite, which is associated with chajcopyrite ores. 

On the map, PI. II, the principal mining localities of the Ketchikan district are 
shown. For convenience of description these localities are arranged in groups, to 
which local names have been applied, and these are printed in red on the map. The 
following are the locality names, arranged in the order in which they will be 
descril)ed: Cleveland Peninsula, Tongass Narrows, George Inlet, Thorne Arm, Seal 
Bay, Dall Head, Vallenar Bay, Niblack Anchorage, North Arm of Moii-a Sound, 
Dolomi, Kitkun Bay, South and West arms of Cholmondeley Sound, Twelvemile 
Arm, Hetta Inlet, Skowl Arm, Kasaan Peninsula, and Tolstoi Bay. 

The deposits of Cleveland Peninsula occur in gold- and silver-bearing fissure 
veins and mineralized zones. The gold ores are both free milling and refractory. 
They occur in greenstone-schists, which are altered intrusives in the Ketchikan 
series. The Tongass Narrows deposits are similar in character and represent a 
southern extension of the same belt. As far as present developments show, they 
do not compare in richness with those of the Cleveland Peninsula. The Thorne 
Arm ore bodies are true fissure veins, usually closely associated with porphyry 
dikes which cut greenstone-schists belonging to the Ketc^hikan series. The ore is 
chiefly gold, which occurs both free and combined. The veins, which follow the 
dikes, are characterized by their persistence, and seem to carry rather uniform 
though not high values. In George Inlet one class of veins carries chiefly pyrite 
l)earing gold and free gold, and another galena and zinc blende. The veins 
apparently follow fissures, and the country rock is an argillite, belonging to the 
Ketchikan series. At Seal Bay and Dall Head the ores are chalcopyrite, and occur 
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along zones of brecciation near the contact of greenstone-schists and pegmatites. 
They carry some gold values. The Niblai'k Anchorage deposits cany chiefly 
copper, with some gold. They consist of immense mineralized zones, carrying 
persistent though low values, in a feldspathic schist, which is probably an inti'usion. 
This feldspathic schist cuts greenstones, which in turn are intrusive in the Wales 
series. 

On the west side of North Arm there ai*e gold-]>earing quartz veins which 
follow fissures in a dioritic and also in a gmnitic riK^k. Those to the northeast 
of the Arm are zinc blende and galena ores, cM*curring in white crystalline lime- 
stones of the Wales series. The Dolomi region is gold and silver bearing. The 
ore bodies are in part true fissure veins and possibly in part repla<*ements in the 
white crystalline limestone. The Kitkun Bay region is a northern extension of the 
same class of deposits. In l)oth regions the gold is in part free and in part combined. 

In the South Arm of Cholmondeley Sound are found copper deposits which 
are similar in many ways to those of Ni})lack Anchorage. They occur as niin- 
emlized zones in a feldspathic^ schist. '^Phe Twelvemih* Arm region has true 
fissure veins, which are similar to those of Thorne Arm. The ores are gold and 
silver, the former in part free milling. Some of these veins, like those of 
Thorne Arm, are closely associated with iKirphyry dikes. The Karta Bay deposits 
are probably a northwesterly extension of the l>elt. 

The Skowl Arm, Kasaan Peninsula, and Tolstoi Bay regions contain copper 
deposits, chiefly sulphides, which are similar in chai*acter. These are in part 
irregular ma.sses of ore contained in massive greenstones, and in part form better 
defined zones in schistose phases of the greenstone. In the Hetta Inlet region 
only the Chopper Mountain d(>posits were examined. These, which yield high 
copper values, occur along the contacts of white crystalline limestone and intru- 
site rock masses. 

The detailed dc^scriptions which foUow do not by any means include a com- 
plete list of all of the claims of the district. The work was so planned as to 
permit of the examination of those localities in the eastern part of the district, 
where the greatest developments had been made. During the progress of the 
work many claims of minor importance were (examined })ecause they lay near the 
route of ti"avel, and descriptions of many such are included in this report. It is 
the province of the geologist to descrilw* the types of the ore bodies, and the 
detailed descriptions of properties should be left to mining engineers and experts. 
In the Ketchikan district, however, the developments have })een so insignificant, 
and our knowledge of the g^^olog}- is so sniall, that the writer has been forced 
to present detailed descriptions in lieu of }>roa(l generalizations and conclusions. 
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DESCRIPTIONS OF LOCALITIES. 



CLEVELAND PENINSULA. 



General descripti/>n . — The Cleveland Peninsula is the rugged land mass which 
separates Ernest Sound from Behm Canal (see PI. II and fig. 1). The mountains 
which make up the peninsula are transverse to its longer axis and parallel to 
Clarence Strait and to the. general strike of the bed rock. 
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Fig. 1. — Sketch map of Cleveland Peninsula. Hhoilrinjf claim locatlon«. 

The northern part of the peninsula is occupied by granitic rocks (see geologic 
map, PI. II), which, near their southern boundary, are more or less gneissoid. To 
the southwest of the granite is a belt of closely folded argillites, with some 
calcareous beds, which belong to the Ketchikan series. Intercalated greenstone- 
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schists, derived from igneous rocks, are very plentiful in the slate series, occurring 
in belts up to half a mile in width. They consist chiefly of secondary minerals, 
chlorite, epidote, and actinolite, with occasionally some primary, minerals, such as 
plagioclase, amphiboles, and pyroxenes. The foliation of the* schists is parallel to 
that of the argillites. Previous to their deformation and metamorphism they were 
probably intercalated sills of diabases and allied rocks. The greenstones everywhere 
csLvry considerable pyrite. The argillites- and associated greenstone-schists are 
intruded bv massive dikes, which cut across the foliation, and which also carry 
considerable pyrite. There are also masses of greenish porphyritic rock, hiade up 
of plagioelase, amphibole, and pyroxene, which may l)e provisionally classed as 
diorites. West of Helm I^y there is a considerable mass of pyroxene-granite, 
whose outline is approximately indicated on the accompanying map. 

The western part of the peninsula, which l)orders Clarence Strait, is formed 
of a green, porphyritic rock, which has l)een mapped as a part of the Kasaan 
greenstone. It is not unlike the ix)i*ph\'ritic dikes which have been described. 

Mining operations have thus far l>een confined to the southeast coast, on the 
southwest side of Helm Bay and Smuggler Cove. The values are chiefly gold, with 
some silver, and in some claims possibly copper. The gold deposits which have 
thus far teen exploited are chiefly free milling. The common association of minerals 
is free gold, iron pyrite, with a little galena, and a quartz gangue. In some veins 
chalcopyrite and bornite occur as accessory minerals, as does also telluride. Pros 
pectors report the occurrence of gold-bearing quai*tz veins on the north side of the 
peninsula, but these have not ])een developed. 

The mineralized zone, as far as determined, includes a l>elt at least a mile in 
width lying on the we,st side of Helm Bay, which streti*hes in a northwest-southenst 
direction. In this zone at least half of the country rwk is greenstone-schist. The 
results of the investigation seem to show that there are two distinct systems of quartz 
veins. The older s^'stem follows lines of fmcture running a)>out parallel to the foli- 
ation of the schists, which varies in dire<'tion from N. to N. 20'^^ W. ; the younger 
veins follow fractures running N. 20*^-40 ' E. Movement took place after the depo- 
sition of the older quartz veins and previous to the deposition of the second series. 
As far as could be determined, the richest deposits occur where the two systems inter- 
se<5t. The first svstem of veins usuallv has fairlv well-defined walls, while the second 
system sends off shoots into l)oth walls. The ore bodies are for the most part min- 
eralized zones in which the countrv rock has been sheared and brecciated and then 
ixn*meated by the minenil-bearing solutions. In some of these deposits the gold is 
irregularly distribut(»d in extraordinarily rich i^ockets; in others the ore is low grade 
but the distribution more uniform. Many beautiful sj^ccimens of native gold have 
l)een found in the n^gion. In deposits of this nature it is very difficult to obtain 
conunercial samples for assay. The pockety character of some of the ore bodies 
makes it d(»sinible tliat they should be very carefully prospected before a large 
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Imng lilxnit ^, 5 per cent of which is in the concentrates. The values seem to 
}h» rather evenly distributed. The concentrates are valu^^d at $140 a ton. In the 
mineralized zone are many irregular quartz veins and quartz blebs, and probably 
})oth generations of veins are represented. It is a source of great regret to the 
writer that he was not able to study this occurrence in greater detail. 

The systematic manner in which this property has been developed reflects great 
credit on the superintendent, Mr. J. A. Bradley. He has deliberately gone to 
work to find out the size and value of the ore ])ody l>efore investing money in 
an expensive mining plant. Mr. Bradley's example might well l>e followed by 
many of the other property owners of the Ketchikan district. The locality is 
exceedingly favorable for cheap mining, and excellent water power is near at 
hand. 

LUthi Maxunee claim, — This name has been given to a small vein which cuts a 
IK)iphyritic diorite on the west side of Helm lijiy. The vein follows a shear zone in 
the diorite and is alx)ut 12 inches in width. It carries Iwth copi)er and iron pyrite, 
and is said to carry gold values. At a numl>er of other localities in this vicinity 
small veins are found in the diorite, or the diorite itself is found mineralized along 
shear zones. One of these mineralized diorites is said tx) have shown, on a.*<say, a 
gold value of 90 cents. The general strike of these veins is nearly e4ist and west. 

Kingston cl<jf/fif<,- This group of claims, on which no development has been 
ma<le, is about a (juartt^r of a mile from tidt^ water, near the entrance to and on the 
west side of Helm haw The <'ountrv rm'k is a chloritic schist assoc^iated with a 
graphitic schist. The ore body is a mineralized zone in chloritic schist, varying 
frcmi to 80 feet in width. In this mineralized zone vein (|uartz predominates, 
with some masses of the country rcK'k. The wid<»st (juartz vein obst^rved was alK>ut 
i\ feet. Assays of material from this group have shown variations in gold values of 
from $2.50 to $t)<M>. 

Rahnj Ihnj rlaim. - A]H>ut a half mile north of the Kingston group is a mass 
of granite-|K)rphyry, a (juarter to a liAlf mile in width, api>arently intrusive in black 
slate. The Itainy Day claim is located in the granite on a <iuartz vein which strikes 
northwest and southejist and which has a width of from 8 to »U feet. It is said to 
have biHMi traced I^^Mi to 5<M> f(M»t, and <*arrit»s pyrite and free gold. The Oixnirrence 
is of interest as it shows that the t^uart/ veins were introduced subsequent to the 
granite. 

OoliI Mnuntiiln rf(ti//tM. -This group is located west of Helm I^y, alx)ut three- 
fourths of a mile from tidt» water. A shaft l.llK) feet alH)ve tide water has been 
sunk to a dt»pth of a)H)ut 20 ft»et, and some stripping hjis been done elsewhere. 
The country rock is a chloritic schi.st, which strikes northeast and southwest, nearly 
at right angles to the veins which lie ueartM* to the entrance of the bay. The vein 
exiM)sed in the shaft averages from 2 inch(»s to 2 feet in width. It is irregular 
and sends out many stringtM\s into the country rcH*k. The assays range from ^ 
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A number of veins have been stripped on adjacent claims which were not visited. 
These are said to strike about north and south. On the same property, about one- 
half mile south of the mine, there are quartz and calcite veins cutting a schistose 
diorite. These veins, which strike about north and south, are from 10 to 14 inches 
wide and carry free gold, with which some tellurides are associatexl. The values are 
said to run from $5 to $15. 

TONOASa NARROWS. 

Gt'neral (iei<cri ptwii. — Tongass Narrow^s is the waterway whic*h separates 
Gravina from Revilhigigedo Island (see PI. II and fig. 2). Near its southern end 
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Fio. 2.~6ketch map of Tongam NairowH and George Inlet, showing claim locations. 

Pennock Island divides the Narrows into two channels. The mountains on either 
side rise either di recti v from the shore line or from a narrow, rockv beach. They 
are pandlel to the channel, and reach altitudes of 2,<MK) and 3,(KX) feet. 

From a geologic standi)oint this region can be considered a southern extension 
of the area lying adjacent U) Helm Hay. (ii-ecnstone-schists outcrop on .both sides 
of Tongass Narrows. Under the microscope this rock is seen to be an altei'ed 
diabase. On either side of the greenstone-schist belt are argillites l>elonging to the 
Ketchikan series. Numerous dioritic dikes cut across the foliation of the schists, 
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uncommon in the greenstone-schists and in the argillaceous and arenaceous schists 
which form the country rock east of Ketchikan. Values of $10 in gold to the ton 
are reported. 

Birdaeye claim. — This is locuted on the beac*h, on the east side of Tongass 
Narrows, about li miles southeast of Ketchikan, aad was one of the first localities at 
which mining was done. The developments consist of a 35-foot shaft, which was 
filled with water when visited. The vein, which apparenth' consists of a series of 
lenticular quartz ma.sses, occurs in a feldspathic rock, which is believed to be 
sedimentjiry. The feldspathic sediment lies between a l)elt of black slate and 
chloritic schist which lK?long to the Ketchikan series. Small stringers of quartz 
carrying pyrit<5 are not unc^ommon in the black slat4». It is said that the ore taken 
out at the Birdseve claim, which was obtained chieflv from the bowlders at the 
surface, ^Melded alK)ut $30 in gold to the ton. 

Bell chum, — This claim, loc^ited on the east side of Gravina Island, adjacent to 
Tongass Narrows and nearh' opposite the south end of Pennock Island, was also one 
of the earliest to l>e developed. The shaft, filled with water at the time the writer 
visited it, is a]x)ut 50 feet deep, and a crosscut is said to be 40 feet in length. The 
bed roi'k is a chloritic schist. The ore bodv seems to have been a mineralized zone 
which carried many small veins of quartz and calcite. The veins cut across the 
foliation of the schist. These veins and blebs carried sulphurets, and the best assays 
are said to have yielded $18 in gold to the ton. The schist, which is itself mineralized, 
it is claimed will run from $1 to $2. 

Ileehminif claim. — This claim, on Gravina Island, adjacent to Tongass Narrows, 
alK)ut 1 mile southeast of the Bell claim, is practically a continuation of the same 
zone. The be<l rock is a chloritic schist, with numerous (luartz and calcite stringers 
*and veins. The development consists of an op(»n cut 30 feet wide, which is more or 
less mineralized throughout. The quartz and c*alcite veins c*arry iron pyrite. A 
mill test is said to have yielded $J150 in gold. 

Kaster claim. — This is located near the uppt^r end of Gravina Island, not far 
from the Spindle, and about half a mile inland from tide water. The group includes 
three claims, which lie along the strike of the vein. The development consists of a 
pit about 6 feet deep. The ore, which is a gold and iron-pyrite bearing quartz vein, 
with some arsenopyrite, is said to run from ^^ to ^40^) \yoT ton. As given by the 
owner the values of one lot of assjiys ranged from $157 to $301, and of a se(?ond 
lot from $7 to $*^01. The strike of the vein is a]K)ut X. 70- W., with a dip of 
70" N. The vein has In^en traced for 3,800 feet. The country rock is a much 
sheared clay slate and greenstone-schist, the latter forming the hanging wall. The 
foliation of the si^hist is cut by the vein, which setMus to follow a fisvsure. At the 
time of the examination the prospi^ct pit was filled with water, but it was stated that 
the vein is divided into two parts by a layer of blue slate. The upjier vein is said 
to be 18 inches wide near the surface, and pinches Xo 8 inches in 10 feet. The second 
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of the quartz-HchiHt at an angle of about 60'^. The bed rock is nearly horizontal, 
dippinff to the north. The rthear zone in the cut has well-marked fault planes, 
and there in apparently )K>me brecciation. The ore is galena and zinc blende. 



Oentiral d/tacripti'im. — The upper end of Thorno Arm (see PI. IT a.id fig. 3), 
an ttmluynient whiuh cutu into the southern shore of Hevillagigedo Inland, has been 




Pie. S.— Sketch map of Thorne 



thp scene of considerHble mining «rtivity. The inlet has u northerly -southerly 
course, transvofse to the general trend i>f the adjacent mountains, which reach alti- 
tudes of 2.<MH> to 2,.'>00 feet. Except at the delta mouths of some of the larger 
streamis the shore line is abrupt and rocky. 
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The salient features of the geology are not complex, though but little is 
known of details. The western boundary of the Coast Range granite belt lies 
within a few miles of the upper end of Thorne Arm (see geologic map, PL II). 
To the west of the granite are the rocks of the Ketchikan series, which form the 
country rock of the upper half of the inlet. The sediments of this series are 
argillites, with some limestones. Both the phyllites and the limestones are consider- 
ably altered, and, as this metamorphism increases as the granite is approached, 
the alteration may be assigned to the contact metamorphism as well as the 
mechanical deformation caused by the intrusion of this vast granite mass. A num- 
ber of smaller granitic stocks occur within the sedimentary belt. Most of them 
are too small for representation on the accompanying map (PI. II), but one at the 
entrance to Thorne Arm covers a considerable area. 

The Ketchikan series is typically made up of argillaceous and calcareous sedi- 
ments, but in the Thorne Arm region it includes large amounts of igneous rocks. 
These are for the most part greenstone-schists, occurring as intercalated bands which 
have suffered the same deformation as the sediments. In many cases the igneous and 
sedimentary rocks are so intimately associated that it would be impossible to define 
their separate areas even with the most detailed work. The greenstone-schists are 
plainly igneous, and are chiefly altered diabasic rocks. Similar sheared greenstones 
also occur in belts, sometimes half a mile or more wide, in the Thorne Arm region. 
Massive dioritic rocks occur as more recent intrusions. These cut both the sedi- 
ments and the greenstone-schists. EHkes of a bluish porphyritic rock form another 
series of intrusions, which are of great economic interest because of their intimate 
association with some of the ore bodies. These dikes were found cutting the 
greenstone-schists which form the country rock on some of the claims at the upper 
end of Thorne Arm. In the hand specimen this rock shows rounded porphyritic 
crystals in a bluish-gray groundmass. The more weathered varieties have a reddish 
color. The original character of this rock could not be determined, as it was only 
found in association with ore bodies and where it had been permeated with the ore- 
bearing solutions. In thin section the phenocrysts (porphyritic crystals) were found 
to be made up entirely of secondary minerals, chiefly quartz and calcite, with some 
muscovite. The groundmass (cement) consists essentially of a finer aggregate of the 
same minerals, together with various other secondary minerals, such as epidote and 
biotite No specific determination of this rock could be made, but it is probably 
an altered aporhyolite. In the following description it will be convenient to use 
the miners' terminology and refer to it as porphyry. Some basaltic rocks carrying 
the silicate mineral olivine, which are apparently surface flows, were observed in the 
vicinity. The areas occupied by these rocks are too small to be represented on 
the geologic map. 

The mineral values of the Thorne Arm region lie in its gold- and silver-bearing 
quartz veins. The veins, which cut across the foliation of the country rock, vary in 
9210— No. 1—02 6 
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trend from N. 20^ to 45^ E., and are usually persistent, with wt^ll-defined walls. 
They carry fi-ee gold, gold-l)earing pyrite, and galena. Some are said to carry 
sphalerite, though this mineral was not observed by the writer. The gangue is 
usually quartz, with some ealcite. While thore are some very good prospects in the 
Thome Arm region, there are many pyrite-earrying veins which contain only very 
small values. 

Sea Level inhw, — This property, which was among the tirst to Ix* developed in 
the district, is located on the eastern shore, at the upper end of Thorne Arm. The 
country' roi'k is chiefly greenstone-schist. It is ma(h» up of actinolite, chlorite, and 
quartz, often contains also garnet and some calcite, and is always impregnated with 
considerable pyrite. This altered igneous ro<k is assoriaU*d with sedimentary rocks, 
which are chieflv calcareous schists. The strike of the bed rock is from north to 
N. 20"^ W., and the dip of the foliation is variable, but is most often steep to the 
northeast. 

The ore at the Sea Level mine is found in and near two parallel veins which 
follow a 25-foot intrusive dike of bluish porphyry. In the area examined the veins 
do not leave the dike, which cuts across the foliation of the countrv roi'k. The 
course of the dike is alwut N. 40^ E., and its dip, together with that of the quartz 
veins, is about 80' SE. The* veins are not quite panillel, the average distance 
l)etween them in the first level of the mine l>eing probably 15 feet. Near the shaft 
the easterlv vein is alwut 5 feet wide, the westerlv al)out 2 feet wide, but these 
dimensions do not represent the full width of the ore }>odies, as the djke rock is 
itself heavily mineralized and carries gold values near the vein. The quartz veins 
themselves are well defined, but send numerous offshoots into both walls, which 
accounts for the dike l)eing more or less minemlized throughout its extent. How- 
ever, it is said to carry commercial values near the vein only. Some of the quartz 
stringers penetrate the chloritic schists which form the walls of the dike, and, while 
they contain pyrite. it is said that they carry no gold values outside of the porphyry. 
The quartz veins themselves do not seem to have suffered deformation, except near 
the north end of the (*laim, where the quartz is somewhat crushed. The dike and 
veins are traceable by surfju'c outcrops for about 1, 2(H) feet on the Sea Level claim, 
and the same zone of mineralization extends northward into the Sea Breeze property. 

The ore is free gold, gold-bearing iron pyrite, and galena. The gangue is 
usually white (piartz, with occasionally some calcite. The pyrite occurs as well- 
formed isolated cul)es and a»< gnnuilar aggregates. In the latter form it seems to 
carry the higher gold values. The preliminary development of the mine has yielded 
a good deal of specimen gold. The avemge of the ore body is said to run $5.35 in 
gold values, but it is not uncommon to get assay n^turns of J?20 Xo ^0. The con- 
centrates are said to run from ^^iX) to $500 a ton. Some fmgments, chipped 
more or less at random from the vein ]>v the writer, were assaved bv Dr. E. T. Allen, 
of the Geological Survey, and found to contain §65.12 in gold and 3.25 ounces of 
silver to the ton. 
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The development at the time of visit consisted of a small steam hoist over a 
shaft 125 feet deep, with tunnels 400 and 500 feet in length, respectively, at the 50- 
and 125-foot levels, both having several crosscuts. Besides the underground work- 
ings there were also some open cuts at various points along the outiTop of the vein. 
The results of this development seem to have satisfied the owners that they were war- 
ranted in making a considerable investment, as they are now installing the most 
extensive mining plant in the Ketchikan district. According to latest reports 
the shaft is being enlarged to a 3-compartment \forking shaft. The collar of this 
shaft is about 100 feet above tide watm*. The steam hoisting equipment has been 
installed and a 80-stamp mill has been erected on the beach, together with an ore 
crusher and iy Frue vanners. The stamp mill is connected with the shaft b}^ a rail 
tramway operated by gravity. The power for the mill is furnished by 6 pelton wheels 
of different sizes, the water being brought from the falls a mile distant. 

Sea Breeze claim. — This vein is a northeasterly extension of the one already de- 
scribed, and can be traced almost continuously through the two properties. Near the 
southern end of the claim the vein is faulted about 10 feet. The workings consist of 
one open cut. The country rock at the cut is a greenstone, similar in character to that 
at the Sea Level, only more massive. The vein is 6 to 7 feet wide, and carries iron 
pyrite, gold, and some galena. Where the sulphurets are plentiful the vein carries 
high values. The gangue mineral is chiefly quartz. The porphyry in this case occurs 
only to the southeast of the vein, while on the northwest it comes directly in con- 
tact with the greenstone-schist. In this respect the Sea Breeze vein differs from the 
SeaLevel, where the porphyry forms the casing. No definite information was obtained 
in regard to values, but it is reported that while there is some rich ore the values 
are more spotted than on the Sea Level claim. 

Golden Dream claim. — This claim is about a mile from the beach, and adjacent 
to the Sea Breeze. The vein is nearly 20 feet in width, and is made up of white 
quartz and calcite, carrying some sulphurets. It seems to be a large lens, which 
pinches out, and extends as smaller quartz lenses that carry pyrite and zinc blende. 
The country rock is greenstone-schist. It has been traced on the surface about 
300 feet by the outcrop of a succession of lenticular quartz masses. The strike is 
N. 70^ E., and the vein cuts across the foliation of the schist. Assays are said to 
have run as high as %A in gold. 

Mother Lods claim. — This vein runs about N. 25^ E., and consists of 8 feet of 
glassy quartz, which carries pyrite and a little gold. Picked samples gave assay 
values of about $30. The claim lies adjacent to the Sea Level claim, and the vein 
has been traced 400 to 500 feet. The country rock is diabase-schist and quartz-cal- 
cit€-schist. 

Golden Tree claim. — This claim, which has received but very little development, 
is located on Gokacheen Creek, about a mile from the beach. It consists of a series 
of lenses that carry small pockets of gold, some of which run very high in gold 
values. The quartz veins are about 6 inches in width, and cut across the foliation 
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of the country rock, which is quartz-calcite-schist. The strike of the vein is a])out 
N. 70^- W. 

Tide Water cluhtu — This is a well-defined vein, 18 inches in width, situated close 
to the Golden Tree. It cuts diabase-schist, and carries a small amount of free gold. 

Mafimter cUiim, — The ore ]>ody is a large pegmatite dike, having a width of 12 to 
20 feet. It has been regarded as a quartz vein by the prospectors, but under the 
microscope is seen to be made up of an intergrowth of (|uartz and feldspar. Pyrite 
is everywhere disseminated through it, ])ut it^ gold values are said to be very low. 
The wall rock is a diabase-schist. Near the contact the schist itself carries consider- 
able pyrite. 

KeysUme clxilni, — Tfiis claim lies to the east of the upjier end of Thorne Arm. 
Unfortunately the writer was unable to visit it. It is said to be al>out li miles from 
the beach, and to carry pyrite, galena, and zinc blende. The country rock is gmnite, 
and the vein is said to Ix? 5 feet in width and to have l>een traced 150 to 200 yards. 
The assays are said to show a gold content of $12. Since the writer visited the 
region the Ketchikan Gold Company, after further prospecting, has undertaken 
the systematic development of thi:^ claim. 

SEAL BAY AND DALL HEAD. 

General descriptive. — Considerable prospecting has been done in a copper-bearing 
region lying near the southern end of Gnivina Island, where the first discoveries were 
made in 1898. The prospects of this locality arc divisible into two groups, one lying 
adjacent to Seal Itey, the other near Dall Head. As the geologic conditions are the 
same in both regions they will l>c described together. 

A bold ridge, with a north-south trend and an altitude of 2,000 feet, stretches 
along the western shore of Gravina Island. Near the southern end of the island 
this ridge impinges on a group of mountains which trend noitheast and southwest, 
parallel to the southeastern coast line of the island. The mountains in this second 
group have very abrupt slopes. Though time did not permit the study of the struc- 
tural features of these mountains in detail, their outline and their relation to the 
north-south ridge are strongly suggestive of considemble faulting, especially as small 
faults are of very common occurrence. 

Seal Bay is a minor indentation of the southeastern coast line of the island (see 
PI. II and fig. 4). At low tide a reef of rocks almost completely cuts off the bay 
from the strait. At high tide there is no shelter from the southerly storms which 
sweep noilhward from Dixon Entrance. Dall Bay, a few miles to the south, is a 
deeper indentation, and has a small, fairly good harbor. Some claims have also 
been opened up on the Clan^ncc Strait side of the island, nearly due west from Dall 
Bay. Although the cOast line is there very irregular, there is no shelter except for 
small boats. 

The bed rock of this region is chiefly greenstone-schists, which are intruded 
into a calcareous series. Both the igneous and the sedimentary rocks have been 
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intensely folded. The calcareous ])eds, which are in part of Devonian age, have 
been provisionally assigned to the Vallenar series. This correlation has been made 
on a verv slender foundation of f a(5t, and mav eventuallv be overthrown. 

After the deformation of the calcareous schists and greenstone-schists, a consid- 
erable injection of pegmatite in the form of large dikes took place. This intrusion 
was succeeded by a period of erosion, when hciivy conglomerates were deposited 
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Fig. 4.— Sketch map of Seal Bay and Dall Head, showing claim locations. 

unconformably on the schistose rocks. With the conglomerates there are some black 
slates, and these detrital beds have been named the Gravina series, and are believed 
to be Mesozoic. The rocks of the Gravina series have also suffered intense deforma- 
tion and are closely folded and faulted. The strike is usually about north and south 
and the dip steep toward the east. 
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The ore bodies are found along zone^ of breceiation, which most commonly occur 
near the contact of the pegmatite and greenstone-schists. In these zones the country 
rock has been broken by fault movement. The breceip-ted zones have been pene- 
trated by the mineralizing solutions which have recemented the broken rock. 

The ore is chiefly chalcopyrite, usually accompanied by considerable pyrite, and 
usually carrying some gold values. The gangue is chiefly quartz, often with some 
jasper or calcite. Sphalerite (zinc blende) is commonly associated with the copper 
pyrite. The ore bodies include some small veins which are very rich and some 
large deposits which are of low grade, but are probably more uniform in their mode 
of occurrence, and therefore of greater importance from a commercial standpoint. 
During a rather hasty visit the writer found only a few of the owners or their 
representatives at these properties, and their absence prevented a study of many of 
the occurrences with as mucli thoroughness as their importance demanded, and also 
precluded the collection of exact information in regard to values. 

Seal Bay, — Two test pits have been sunk on the beach close to tide water. The 
more westerly one is in a green, contorttnl schist which carries some pyrite. The more 
easterly is in a mineralized pegmatite which carries copper pyrite with a quartz and 
calcite gangue. 

Bay Vle^r dmm^, — These claims are al>out a half mile to the west of Seal Bay. 
At No. 2 an open cut of 20 feet exposes a dark -green diabase-schist, and, next to and 
grading into it, a ]>recciated form of the same rock, which has been recemented by 
quartz and some caknte. With this infiltrated quartz oi'cur iron and copper pyrite 
and some lH)rnite. The minei-alization occurs at intervals for 30 to 40 feet. At the 
No. 3 claim of this group there is a 20-foot drift. The lH>d rock is a dark-green 
schist, which is slickensided and brecciated, with a recementation by ore-bearing 
solutions. One fault zone runs N. 30'^ K., another about N. W^ W. The ore from 
this locality is copper and iron pyrite, with some zinc blende. The drift was driven 
along a vein carrying pyrite, about a foot in width, which runs alK>ut N. 60^ W. 
The Bay View claims belong to the Victory Mining Company. 

War Ea^U; ei<iim, — At this locality th(*re is a shaft, probably 40 feet deep, and 
near at hand two tunnels, which are al>out ICK) feet apart vertically. The country 
rock is a greenstone-schist, which has been sheared and brecciated, and the ore occurs 
along the shear zones. Near the breast of the lower tunnel about 3 feet of the breccia 
and ore are shown. The strike of the vein is approximately N. 30^ E. The fault 
plane dips about 85^ E. and is approximately parallel to the strike. The ore is a 
chalcopyrite and is said to carry gold values. This claim, together with the Big Joe, 
where an open cut exposes the extension of the same ininei-al-bearing zone, belongs 
to the Patterson Company. The same company also owns the Hobo claim, which 
joins the War Eagle on the west. The latter was not visited. 

Grotto cluim. — This claim, together with the O'Brien, Trio, and the Big Three, 
which lie to the north, belong to the Victory Mining Company. When the exami- 
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nation was made there was no one on the property, hut since then developments nave 
been actively pushed. 

The mine workings were found to consist of a tunnel alx)ut 100 feet long, located 
about 6<H) feet above tide, and a second tunnel, 50 feet higher and 30 feet long. The 
lower tunnel cuts across the foliation of the greenstone-schist which forms the coun- 
tiy rock. The greenstone-schist is all somewhat mineralized, but probably does not 
carry values, except along shear zones, where the mineralization has been more 
intense. These shear zones occur at irregular intervals in the inner 30 feet of the 
tunnel, which is near a mass of intrusive pegmatite. The upper tunnel has pene- 
trated a brecciated greenstone-s(^hist, which is more or less mineralized for the full 
length of the tunnel, or alx)ut 30 feet. 

Since our examination the lower tunnel has been driven 100 feet farther, and the 
company is reported to be now drifting on the ore body. It would seem from this 
that the writer's observations were at fault and that the mineralized zone observed 
at a depth of 100 feet in the lower tunnel was not the same ore body which is 
exposed in the upper tunnel. The company reports the lead to be 25 feet wide 
where the tunnel intersects it. The croppings avemge 11 per cent copper across 5 
feet. The walls of the ore body where the drift is teing driven are said to be well 
defined. About one-fourth of a mile in a northerly direction from the lower tunnel 
a small shaft, probably 50 feet deep, had been sunk, at the time of our visit, in some 
mi nenil ized schists. 

Jmnho duirn, — This is about half a niile from the beach and not more than 50 feet 
above tide water. A small crosscut exposes 5 to 10 feet of a zone in part heavily 
minenilized with copper and iron pyrite. In its o(»currence it is similar in character 
to the ore bodies already described. The opening is in a flat, and there are no 
outcrops in the vicinity. 

RiMHiand and Deer Parle Mhihuj C<r)iipamj, — The claims belonging to this com- 
pany are adjiu*ent to Dall Bay. The company has erected several substantial 
buildings and luvs sunk two shafts, with crosscuts, and a number of test pits. The 
two shafts are in the southern coiner of Dall No. 4. One is located just at tide 
water, and said to be alK)ut 30 feet deep; the other is 20 feet higher, and 50 or 60 
feet deep, with a crosscut at the bottom. Both of these shafts were tilled with water 
when visited. The deeper shaft is provided with a steam hoist. The ore observed 
on the dump is chalcopyrite, with quartz gangue. The waste dump contained 
fragments of mineralized pegmatite and also of chloritic greenstone-schLst. About 
50 feet to the east of the shaft is an outcrop of brecciated porplu'ry. 

In a small crosscut located on Dall No. 5, near the mess house, is exposed a red 
pegmatitic rock. Close at hand is a mass of diabase-schist. The pegmatite is more 
or less mineralized. 

It was very unfortunate that the mine workings were not accessible when visited. 
The interruption of the development of the property was because of a lawsuit. 
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Enough was seen by the writer to convince him that the ore body in its general cnar- 
acter is similar to those which have l)een described in adjacent localities. The position 
of the ore body makes it more difficult to work than those where the topographic 
ctmditions permit of crosscutting by tunnels. 

The writer is indebted to Mr. C. H. Hunt, manager of the Rossland and Deer 
Park Mining Company, for the following information, which is extracted from a 
letter dated Portland, Oreg., December 27, 1901: 

*" I regret that no one representing the interest of the company was on the 
ground at the time of your visit, as the real merits of the property could be shown 
only by one familiar with the ground, to point out the places where the ledge is 
exposed for a distance of several hundred feet from the l)each in a northerly direc- 
tion. There are also several places where considerable prospecting has been done 
other than at the shafts which you visited. At all the points where prospecting has 
been done on this ledge the same character of ore has been found, showing that the 
ore bodv is continuous. * * * 

"From the many assays made from time to time, values were shown in gold, 
copper, and silver, fluctuating sometimes as high as 30 per cent copper, $10 in gold 
and $3 in silver. This showing was from ore taken from the ore shoot, the same in 
both shafts, beginning at the surface, gradually increasing in strength to the depth 
of CtO feet in one shaft and 100 feet in another. In the latter a crosscut was run at a 
depth of 90 feet a distance of 25 feet, showing a defined ledge thoroughly mineralized. 
In the pay shoot, which is 3 feet wide, the ore is highly mineralized. As I have 
stated, the values change, but a careful estimate made from the whole shows an 
average of 11 per cent copper, ^iy in gold, with slight values in silver.-' 

Wai<hl7t{fton clituii, — This is l(K*ated about three-fourths mile west of Dall Bay. 
A prospecting drift about 2(» feet long is the only development work. The country 
rock is a reddish pegmatite, which is cut by a diabase dike and rendered more or 
less schistose. The diabase in this instance is plainly the later intrusion. The 
relations between th<» lU'id and basic rocks in this local itv seem to be different from 
those studied elsewhere. The mineralized zone occurs along the contact of the 
diabase and the pegmatite, along which there has been shearing, and both rock 
masses have been more or less brecciated. In this brecciated zone some iron and 
copper pyrite is developed, with quartz and jasper gangue. 

Apc^.r (jroup, — This group, embracing about a dozen claims, lies a mile to the 
north of Dall Bay. The highest is on the top of the mountain, 1,000 feet above 
tide water. The ore bodies contain chalcopyrite with zinc blende, and often carry 
gold values. 

On the Concord No. 2 a tunnel has l)een driven for about 10 feet. The ore 
is mineralized breccia, occurnng at the contact of coarse pegmatite and banded 
green schist. It conUiins chalcopyrite, with quartz and calcite gangue and a little 
manganese. 

The uppermost claims of the group, Concord Nos. 3 and 4, are near the top of 
the mountain. These deposits lie at the contact of the greenstone-schist and 
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pegmatite. The rocks dip steeply 80^ SE. One open cut shows 2 feet and another 
18 inches to 2 feet of pyrite and zinc blende. The veins cut the greenstone-schist. 
The walls of this latter vein are silicitied. 

On the Blue Jay claim of this group a tunnel has been driven about 50 feet. 
The tunnel intersects some brecciated zones near the contacts of greenstone and 
pegmatite, along which mineralization has taken place. 

At the Old Man claim a mineralized zone several feet in thickness, carrying 
copper pyrite, is exposed in a small open cut. It is in a brecciated zone and carries 
considerable zinc blende. 

A quarter of a mile to the east of the Old Man is the Sunrise vein, which has a 
thickness of 12 to 18 inches. It has been traced on the surface for several hundred 
feet. Its strike is N. 75 W., dip S. 8(F. Near the contact with the greenstone- 
schist the country rock is a pegmatite. This vein seems to })e better defined than 
man\^ of the others, and shows a beautiful mass of chalcopyrite ore. The ore is said 
to carry values of $72, which is chiefly in copper, with a little silver and gold. 

Grenadi^ clmm, — ^This property is located about 1 mile west of the upper end 
of Dall Bay. A prospecting cut about 10 feet deep shows greenstones, schists, and 
pegmatite more or less brecciated near the contact. Some minemlization has taken 
place along the shear zones. 

Krharfn el aim, — This localitv is on the west side of Gravina Island, nearlv 
opposite Dall Bay. The name of the claim could not be learned, so it has been 
designated by the name of the owner. An open cut has exposed a small vein, 
which is apparently in a shear zone of porphyritic rock. The minemliziition extends 
over a width of 4 to 5 feet, but the richer parts of the vein are less than 2 feet in 
thickness. The vein is mther ill defined. The ore is copper pyrite. 

Starlight chilin. — This locality is half a mile to the east of Erhart's claim. Here 
a tunnel has been opened up for about 50 feet. The ore body occupies a brecciated 
zone about 3 feet in thickness in a porphyritic rock. The ore is chiefly chalco- 
pyrite, with calcite and quartz gangue. 

VALLENAR BAY. 

General' description. — Vallenar Bay is an emba3^ment in the northwestern shore 
of Gravina Island (see PI. II). It aflfords good shelter from southerly storms, but 
is not protected from the north or west. Some developments have been made on 
the bay at the Six Point property, and some at a locality about 3 miles south of 
the bay, lying adjacent to the strait. The bed rock of the shores of the bay 
includes some limestone and quartzite, probabl}- of Devonian age, overlain by 
fragmental rocks which are probably tuffs, associated with carbonaceous slates. 
These beds have been grouped together and called the Vallenar series. 

The so-called Six Point property has received some development, but has appar- 
ently beeii abandoned. The workings consist of a three-compartment shaft and some 
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drifts, which were filled with water when visited. As far as could be determined, 
the ore body lies along the contact of a slaty limestone and quartzite and an 
intrusive rock. The intrusive is considerably altered, but seems to have been of a 
diabasic character. Along this contact there has l)een considerable shearing and 
brecciation, and subsequently mineralization has taken place. The ore is chiefly 
pyrite and the gangue chiefly quartz. 

At a locality about 3 miles south of Vallenar Hay, on the west coast of Gravina 
Island and 200 yards from the shore, a tunnel has l)een driven alK)ut 50 feet 
This tunnel follows a shear zone which is in part mineralized. A vein carrying 
quartz and pyrite seems to ]>e continuous in this mineralized zone, but swells out 
and narrows down, leaving a series of lenses connected by very small veins. At 
the face of the drift the vein is about 2 mches wide. The country rock on both 
sides of the vein is a sheared diabase, intrusive in graphitic slates, which are exposed 
close by. The mineralization is not entirely confined to the vein, but also perme- 
ates both walls of the diabase-schist. The name of this claim was not learned. 

NIBLAC'K ANCIIORACIE. 

Genial (hserij^tion, — Nibhu*k Anchonage is an almost landlocked harbor on 
the southeastern coast of Prince of Wales Island, and is connected with Moira 
Sound })y a waterway \vhich i)ermits of the entrance of the largest ships (see PI. 
II and fig. 5). It is l>ordered on the north and south by mountiiins, which rise 
abruptly almost from the water's edge to altitudes of 2,0(K) and 2,500 feet. The 
bed rock along the shores is chiefly of igneous origin, but has suflTei'ed intense 
deformation, l)eing rendered schistose, and in many ways resembling sediment^iry 
})eds. These igneous rot^ks arc* intrusive in the \VaI<*s scM'it^s, which in adjacent 
regions consists chiefly of white crystalline limt\stone. The limestone itself is 
found to the north and south, but doi\s not out<*rop near the anchorage. Imme- 
diately north of Ni black there is a belt of siliceous schists, which are also a part 
of the Wales series. Greenstones out<'rop on l)oth shores of the inlet In their 
more nuissive phases these rocks are dioritic in chapact(»r, while the schistose 
phases are made up chiefly of chlorite, ju*tinolit(N and (juartz, with other secondary 
minerals. The greenstones are believed to be intrusive in the sedimentary beds. 
To the south of this gn^Mistone-schist b(»lt is a zone of quartz-sericite-schist, whose 
southern boundary was not determined. These quartz-scricite-schists are typically 
bluish white, but near their contjict with the greenstone-schist they (contain consider- 
able chlorite, and then it becomes difficult to distinguish the two rock types. The 
intrusive character of the s(Ticite-schists in the greenstones was definitel}'^ estab- 
lished. The sericite-schist is believed to be an altered rhyolite. The strike of the 
foliation of the schists is northwest and southeast, and the dip predominantly 
steep to the southwest. 

The ore lK)dies occiur in both the greenstone-schist and the quartz-sericite- 
schist, and include veins and mineralized zones. The former veins carry the richest 
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ore, but the mineralized zones are more extensive and are probably of greater 
commercial importance. Both forms of de^x>sit are, however, sometimes found in 
the same ore body. The ore is covellite, chalcopyrite, iron pyrite, gold, and a 
little galena. While they are primarily copper deposits, they often contain such 
l.irge gold values that they could be worked for gold alone. 




PlO. 6.— Sketch map of Kitkun Bay, polomi, North Ann, and Niblack Anchorage, showinj? claim locationfl. 

Lookout group, — This is a group of six claims, controlled by one company, 
which lies to the south of and adjacent to Niblacik Anchorage. The ore deposits 
on these claims are all similar in character, being mineralized quartz-sericite- 
schists, which carry a considerable percentage of cx)pper pyrite and also of gold, 
together with iron pyrite. The character of this quartz-sericite-schist has alre^idy 
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l>een described. The schist is usually somewhat mineralized, but this mineralization 
is more intense along certain zones, which afford the commercial ore bodies. 

A day was spent in visiting the various claims of this group. At the timo 
of the examination the developments consisted of one tunnel and a number of open 
cuts. Within the zone are bands or veins of covellite, copper, and iron pyrito. 
with ^*old-beiiring vein quai*tz. A sample taken across one of these bands, which 
had a width of about 15 feet, was assayed by Dr. Edward Fink, of Milwaukee, Wis., 
and gave the following returns: Copper, 5.2 per cent; gold, 0.20 ounce; silver, 
2.31 ounces. 

This ore body has only been stripped, so that we do not know what its 
character would be lielow the leaching action of water, but it is not likely that 
the values decrease. 

The Conundrum claim has been opened by a tunnel about 30 feet long, of 
which about 25 feet are impregnated with iron and some copper pyrite. At this 
locality both chloritic schists and ({uartz-sericite-schists are exposed, and both are 
mineralized. The mineralized zone carries considerable quartz in places, and 
wherever the quartz is present it is m^companied by higher gold values. Al)out 50 
feet above the tunnel is an open cut, exposing 25 feet of mineralized zone, about 
10 feet of which curries 9 per cent copper. The strike is N. 45^ W. The dip is 
about 75^ N. 

One hundred feet higher, at an altitude of about 1,600 feet, on Lookout claim 
proper, an open cut shows a large mass of mineralized schist. This is made up 
largely of quartz and feldspar, and pyrites are pretty well disseminated. The 
country rock away from the zone is a foliated feldspar schist, similar in character 
to the ore except for the absence of pyrite. This upper minemlized zone is about 
300 feet wide. Another series of assays, made from what ma}- have l)een picked 
samples from this load, showed values of 9 per cent in copper and from $4 to 
$8 in gold. Slipping planes are ever^^where present in the ore body, and masses 
of covellite, copper, and iron pyrite ore, varying from a few inches up to a foot 
or two in width, alternate with chloritic schist lenses and bands. Along the walls 
of these bands of ore evidence of movement is alwavs noticeiible. The schist is 
highly silicitied in bands parallel to the ore. Quartz blebs, carrying iron pyrite, 
occur cutting across the foliation of the schist, but are not found cutting the 
pyrite ore, and seem to belong to the same period of intrusion. 

Near the western margin of this exposure the material passes into a 
metamorphic conglomemte. The pebbles of this conglomerate are largely of the 
feldspathic rock and of quartz. Some of the pebbles are well rounded, and there 
seems to be no doubt of the sedimentiiry diameter of this rock. The cement of 
the conglomemte is chloritic. The conglomerate was evidently formed previous 
to the deix)sition of the ore, as the ores penetrate the pebbles. The matrix is 
chiefly iron pyrite, chalcopyrite, covellite, chlorite, and quartz. It was unfortunate 
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that this peculiar conglomerate could not hav^e received further study, as its position 
and origin are exceedingly puzzling. 

Near and including this conglomerate is a mineralized zone, about 6 feet in 
width, which was sampled and assayed by Dr. Edward Fink with the following 
results: Copper, 2.69 per cent; gold, 0.12 ounce; silver, 1.8 ounces. 

The Mammoth claim of this group is 500 feet above tide water, to the north of 
and adjacent to the Lookout claim. The mineralized zone is here about 20 feet 
wide. Copper and iron pyritc and covcllite occur in l)ands and also disseminated 
through the rock. The widest band of fairly pure ore is 3 feet. This mineralized 
zone is said to have been traced for 500 feet, and it is ])elieved to be an extension of 
the Ix)okout ore body. Chloritc-schist lies to the west of the ore body and forms 
the foot wall. The contact relations show that the quartz-sericite-schist is intrusive. 

The Ijookout group of claims is well located for development. The ore body 
is very large, and though not of high grade, it offers very good opportunities for 
exploitation. Its topographic position permits of its being mined at low cost. The 
physical character of the ore makes it well adapted for concentration. A water 
power, controlled ))y the same company, to the north of Niblack Anchorage could 
be converted into electric power, and would be ample for the purposes of mining 
and reduction. 

Trio daiviH — This group, comprising several claims, lies to the north of the 
Conundrum. Some preliminary developments have been made at various localities. 
At one place visited a crosscut exposes an ore body about 10 feet in width. The ore 
is similar in character to that of the Lookout group, and carries both copper and gold. 

This same ])elt of deposit^ is said to extend to the south, toward Moira Sound, 
and many claims have been staked in this region; but little development work has 
been done, and the party's time was too limited to visit these claims. The best 
information obtainable went to show that the ore ])odies were similar in character to 
those of the Lookout. 

Copper Chief cldlin, — This property lies adjacent to the west end of Niblack 
Anchorage. A shaft about (>0 feet deep has l)een put down near the be^ich, but was 
filled with water when visited. The country rock is a greenstone-schist, which at the 
shaft is heavily mineralized for a width of 20 feet or more. The strike is about 
north and south, and the dip is 80^ E. The ore is (chiefly chalcopyrite, and appears 
to be of excellent quality, but is not so good for concentration as that of the Lookout 
claims. The mineralization is in irregular zones, with includ(»d horses of greenstone. 
A crosscut about 100 feet bevond the shaft shows a minemlized zone nearlv 60 feet 
wide. The money spent on this claim was unfortunatel}^ used in sinking a shaft 
almost at tide water. Assays of the ore are said to have run as high as $42 in gold 
and copper values, of which $7 or 5^8 was in gold. 

Edith M, claim — This property is located close to the beach on the south 
side of Niblack Anchorage. A 20-foot tunnel has been driven into a mineralized 
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greenstone-schist. A zone of iron and copper pyrite about a foot in width is 
exposed in the tunnel, and is said to carry $5 in gold and copper values. Another 
zone, about 8 feet in width, carrias chiefl}^ iron pyrite. A second mineralized zone 
is said to occur on the same claim. 

NORTH ARM OF MOIRA HOUND. 

Ge7ieraf' d^acrijdloh. — This is an indentation of the southeastern coast of Prince 
of Wales Island, situated just north of Niblack Anchorage (see tig. 5). A belt 
of limestone associated with intrusive greenstones is found outcropping on both 
shores of this arm. The general strike is in a northwesterly direction. South 
of this limestone belt is an area of gninite. The greenstones are usually sc'histose, 
though sometimes massive. The limestones belong to the Wales series, and the 
greenstones are intrusive in them, and both have been closely folded. Massive 
dioritic roc^ks also occur in some abundance. The ore bodies are of two types: 
First, quartz veins, which «irry gold values, and which cut chiefly the dioritic 
rocks, but also cut the granite; second, veins found in the limestones. The ores 
of these are chiefly galena, sphalerite (zinc blende), and some copper pyrite. At 
one locality chalcocite was found. 

Homestiike claim, — This is located about \\ miles to the south of the North Arm. 
The developments consist of an open cut. The country rock is an altered granite, 
which is cut by a porphyritic dike, andesitic in character. The ore body consists of 
a zone 6 feet in width, in which are small stringers of quartz carrying iron pyrite. 
These small veins are usually less than 1 inch in width, but widen out to 3 or 4 
inches in places. The rock itself appears to be mineralized. No data were obtained 
in regard to the values, which are probably all in gold. The claim is located about 
1,200 feet above tide water. 

Bhi^rd and Little Annie clahn^, — These claims are about li miles to the 
south of the Homestake. They were not visited, but the following infomiation" 
was obtained from Mr. John G. Westlake. The ore is said to occur at a contact 
of chloritic schist and granite. The ore ])ody consists of 5 or feet of smoky vein 
quartz, and assays show it to run $40 to $60 in gold. A specimen obtained from 
Mr. Westlake carries visible free gold. 

Hope claim. — This claim is about half a mile northwest of the North Arm. 
The countiy rock is a porphyritic dierite, very highly silicified. A tunnel about 
20 feet long has been driven on the vein, which consists of white quartz con- 
taining iron pyrite, some free gold, and a little chalcopyrite. The vein is about 
2 feet in width at its widest part, but it narrows down again to a few inches and 
then broadens out. Two systems of jointing determine the position of the quartz 
veins. Near the surface an assay of the vein showed $40 in gold. This vein 
occurs in a shear zone which exits the foliation of the country rock. Two hundred 
feet above the tunnel is a small exposure of granite 12 feet or more in width, 
which is said to carry gold values as high as $38 to the ton. 
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Exeel^hn" clmm. — ^This property is about 1 mile to the west of the head of North 
Arm, near Mineral Lake. It consists of a mineralized zone, 10 to 12 feet wide, in 
white crystalline limestone. This mineralized zone contains two v^eins of iron and 
copper pyrite, one about 2 ieet and one about 3 feet in width. One hundred yards 
beyond the first exposure a crosscut opens up the same vein with a width of 3 feet. 
The ore is iron and copper pyrite. The limestone lying adjacent to the ore shows 
evidence of faulting and shear zones. 

Vtittii clnhii, -This is IcH'ated about 2 miles to the west of the North Arm, on 
Mineral Lake. A tunnel 30 feet in length has been driven in white crystalline 
limestone. The ore body is a mineralized chloritic schist, which is contained 
between limestone walls. Th(» ore is iron and copper j)yrite. 

Frhco claiiti, — This property is about 2 miles farther west and half a mile from 
the western end of Minenil Lake. It consists of a mineralized zone 8 feet wide, 
carrying zinc blende, iron and copper pvrite, and galena. It has been stripped at 
several places. 

DOLOMI. 

Gerwral de^cripfh)). — Under this heading the mining region adjacent to the 
town of Dolomi will be considered. The town of Dolomi, which included a store, 
a small wharf, sawmill, and post-office when visited, is well located, on Johnsons 
Inlet, a minor indentation of the eastern coast line of Prince of Wales Island, which 
affords a fair anchorage (see PI. II and fig. 5). The ore bodies thus far discovered 
nearly all lie in the drainage l>asin of a stream which flows into the head of the 
inlet. Several lakes drain into this stream. The valleys are broad, and the moun- 
tains, which rise to 1,800 feet, have rather gentle slopes. The shore line and 
the surface are less rugged than in districts previously described. The rocks are 
chiefly limestones containing some magnesia, usually highly crystalline, striking in 
a northwesterly-southeasterly direction. These limestones, with which some 
graphitic phyllites are associated, belong to the Wales series, and are probably 
coextensive with those of Kitkun Ba}*, an arm of Cholmondeley Sound, which lies 
to the northwest. They also form a part of the same belt which has been described 
in the region of the North Arm of Moini Sound. The series is closely folded, and 
contains many intrusive greenstones, which haye l)een usually rendered schistose. 
Lithologically the limestone varies from a blue, semicrystalline rock to one which 
is white and coarsely crystalline. The ore bodies of this region were among the 
first to be exploited in the district, the first prospecting work having been done 
in 1898. They are quartz veins which cut the foliation of the country roc*k, and 
must be tor the most part regarded as true fissure veins. The ores, which are 
free milling for the most part, carry gold, iron pyrite, galena, and sometimes 
chalcopyrite and teti*ahedrite (gray copper). In the Golden Fleece mine the 
relation of the ore body to the country rock suggests that the vein may be in 
part a replacement 
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Sahmm d^lm. — ThiH is located about a quarter of a mile north of Dolomi. 
Tbe vein ha/$ >>een opened up b}'^ a small crosscut and a prospecting pit. The wall 
roi-k \a crvstalline limestone, which is much sheared. The vein is 5 feet wide at 
the »?urfaee, and pinches down to 1 foot at the lx)ttom of the pit. The gangue is 
chiefly bluish quartz, and carries free gold, iron pyrite, and galena. The average 
aiMiy i« said to run $8 to the ton, the lowest being $4 and the highest $22. 

litumtij chili iiH,—'Y\i\^ grouj) includes two claims a))out half a mile north of 
IMonii, lying adjiu*ent to the Salmon claim. Beauty No. 2 shows a mineralized 
quartz vein, 12 to IS inches in thickness, in a mit^ai'eous limestone. The vein carries 
pyriti», and is said to carry gold. The strike is N. 20 W., the dip 30"^ SW. The 
development consists of two shafts, 45 feet deep, with a connecting 'drift, which 
were filled with water when visited. The vein carries tetrahedrite, in which the 
silver is said to be the main value. The wall rock is a crvstalline limestone. The 
gangue mineral is chiefly quartz, and the vein tarries a little copper pyrite. Assays 
are said to have shown values of $600 in silver and $20 in gold. These values are 
said to continue in depth. The silver seems to decrease in depth, and the gold to 
increase. The strike is N. 20^ E., the dip 30^ SE. 

Trmngle No, 2 claim,. — This claim lies adjacent to Beauty No. 1 on the north. 
A (juartz vein 4 to 5 feet in width is exposed in a pit, in which the quartz is inter- 
banded with crystalline limestone. The mineralization seems to be confined chiefly 
to the bands of quartz. The strike of the vein is N. 40^ W., the dip 35^^ NE. The 
gangue minerals are quartz and calcite, which form a coarsel}^ crystalline inter- 
growth. Values are reported as high as $40 to the ton. 

Welcmne clnim, — This lies adjacent to the Triangle on the north. A small pit 
has b(»en sunk at a contact of limestone and graphitic schist, where there is a 
shear zone which has been mineralized. Both the graphitic schist and the lime- 
stone are silicified. The vein carriers pyrite and is said to carry free gold. 

Fortune claim, — This property lies near the south end of James Lake. There 
are three veins; one is well defined and is a])out 2 feet in width, the others are 
alniut I foot and about 18 inches in width. They are separated by the country 
ivx;k, whi<'h is a graphitic schist. Smaller veins cut across the larger ones. The 
gangue is <*hiefly quartz, and the ore for the most part is tetrahedrite. The vein 
<5iirri<*H some graphite. The strike is about N. 60° W., the dip 10*^ NE. About 
\ii^i fi'Att away the strike turns abruptly to N. 30-' W., with the same dip. The 
/l4'velopment cionsists of a small pit. 

ilunJto chum, -This claim is west of the Welcome. A shaft has been sunk to a 
'li'j/lb of ¥) feet. The strike is N. 45'^ E., the dip undetermined. The vein consists 
//f a bhiirtli quartz, fractured and recemented by white quartz, and is 2 to 3 feet 
%SiUk. Tlie ores are gold and teti*ahedrite. The values were not learned. The mine 
»<y//lkii*(^t» fthow many planes of movement in the country rock, which is graphitic 
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Matilda daim, — This lies adjacent to the Fortune on the north. It has a well- 
defined quartz vein, 3 feet in width, with strike about east and west, dip 60° S. 
A decomposed mica-schist forms both walls. The quartz carries pyrite and is said 
to carry gold. The schist is slickensided, and along these slickensided surfaces 
mineralization has taken place. 

Golden FUece mine. — This is one of the most extensively developed mines of 
the Dolomi region, but unfortunately only^ a couple of hours could be given to its 
examination. It is connected with Dolomi by a tmm, which was not completed when 
visited. A prospecting stamp mill has been erected, and the property includes a 
number of substantial buildings. The country rock includes dolomitic white and 
blue crystalline limestone, the ore being usually found near the contact of the two. 
The transition between the two limestones, though rather abrupt, at the same time 
appears to be one of metamorphism. The limestones are cut by diabase dikes, which 
cut across the foliation and are unaltered. The earlier developments of this property 
were made under a misconception of the character gnd position of the ore body, and 
much of the money was wasted. The mine workings which are now being used 
consist of two tunnels and several shafts. The vein apparently cuts the lamination 
of the limestone. The ore, which occurs in lenses, varies from a few inches to 5 or 
6 feet in thickness. These lenses sometimes nearly pinch out, but they are alwa5's 
connected by vein matter. The ore is closely associated with dikes of a diabasic 
character, which it cuts. The strike of the ore bodies varies from north and south 
to N. 45° E. ; and the dip, as a rule, is low, varying from 10° to 45°. The ore body 
is usually well defined. The hanging wall is most often a blue crystalline limestone, 
and the foot wall a white crystalline limestone. Near the contact with the vein the 
hanging wall is broken and brecciated and the mineral-bearing solutions have 
penetrated it, as the^^ have also some of the diabase dikes. 

In the development of the mine use has been made of the limestone caverns, 
which the ore bodies seem to follow, in a rough way. This suggests that the ore 
was deposited along channels of solution and may be a replacement. Unfortunately 
the limited time spent at this mine did not permit of solving the interesting prob- 
lems connected with the occurrence of the ore. As far as could be determined, the 
mine workings show that there arc two distinct veins, separated by a considerable 
thickness of limestone. These veins are roughly parallel, bend in their strikes, and 
have low dips. Their outcrops form a curved line, and their general form is prob- 
ably that of a broad basin. The northern rim of the basin has not been found, so 
that it is quite likely that the dip becomes steep underground beyond the present 
mine works. The veins are formed of a series of lenticular ore bodies, which are 
connected by narrow necks. 

The ore is free gold, tetrahedrite, and pyrite. That which was being mined 
when visited is said to have yielded, with some sorting, $40 to $60 at the mill. Two 
specimens were collected by the writer, which were not commercial samples, but 
9210— No. 1—02 6 
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were taken more or less at random. ThcHC were a8sa5'ed by Dr. E. T. Allen in the 
Geological Survey laboratory. The one from the leanest ore yielded 2.36 ounces in 
silver and 0.05 ounce in gold. The other was from the highest class of ores, and 
yielded 9.96 ounces of silver and 4.17 ounces in gold. 

Copper Lake <jroup. — This is a group of claims lying cast of the Golden Fleece, 
on which but little development work has l)een done. On one claim a zone of 
mineralized quartz wjis seen, 5 or 6 feet in width, carrying copixjr-bearing minerals. 
The vein occurs in limestone which is nuich sheared and slickensided. The vein 
shows brecciation, similar to that of the Golden Fleece vein, and resembles the 
Golden Fleece in character. The ore is iron and copper pyrite and tetrahedrite, 
with prolmbly some free gold. 

Beuhih cUiim. — This lies to the south of and in part overlaps the Golden Fleece, 
and was in litigation at the time of our visit. A small cut exposes a mineralized 
zone 5 or 6 feet in width. The zone is made up chiefly of vein quartz, including 
some of the mica-schist which forms the foot and hanging walls. 

Welfli^et chilnu — ^This claim lies to the west of the Jumbo. It consists of a very 
large quartz ledge, 20 to 25 feet wide, carrying graphite and occurring in graphitic 
schists. It carries pyrite, and its gold values are said to run from $2 to $4. What 
is said to be the western extension of this has been staked under the name "Sarah 
claim." 

IT(/)n4i cUiinu — This lies north of the Welcome. It is a quartz vein, 12 to 18 
inches thick, cutting coarse limestone beds. The limestones are faulted and slicken- 
sided. The strike is N. 60^ W., dip (luestionable. The development consists of a 
pit about 8 feet deep. At the surface the vein has a width of 2 feet, but it narrows 
down to 18 inches near the bottom of the pit. It carries pyrites and tetnihedrite. 

Alpha chilut, — This lies near the coast, northeast of the Home claim. The strike 
is N. 20"^ E., dip 80 ^ NW. It is an 18- to 24-inch quartz vein in white crystalline 
limestone, apparently somewhat minemlized. No development work has yet been 
done. White crystalline limestone forms both walls. The veui cuts across the strat- 
ification of the limestone. 

A small cut has ])een made on what appears to be the same vein, 200 feet from 
the above outcrop. At this point a 3-foot vein is exix)sed, with strike N. 40"^ W. 
Both walls are crystalline limestone. Ore is chiefly vein pyrite. According to the 
owner, assays show valuers running from $4 to $25 in gold. 

ILfUHc elalin, — This claim is located a mile north of Dolomi, near Paul Lake. It 
is a quartz vein, 12 to 24 inches thick, carrying iron pyrite, copper pyrite, and gray 
copper ore, exposed in a small pit. The vein has been faulted, the throw being 
about 12 inches. The strike is N. 15^ E., the dip 30- NW. The wall rock is a 
white crystalline limestone. 

Pauline claim. — This claim is about li miles from Dolomi and a quarter of a 
mile north of Paul Lake. The developments consist of a pit 10 feet deep and a cross- 
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cut 6 or 8 feet wide. The ore body i.s a small fissure vein which cuts banded blue 
and white crystalline limestone. The vein in the pit has a width of 4 to 6 inches and 
strikes N. 50^ W. The limestone has the same strike and dips 20^, while the vein dips 
80^ to the south. The vein cuts the bed rock at about right angles. The limestone 
shows banding and faulting parallel to the vein. In the cut a mineralized zone 6 to 8 
feet wide is exposed. In this mineralized zone are numerous quartz stringers and 
also mineralized country rock. The quartz is sheared and banded. The strike is 
about N. 60"^ W., the dip 45^ NE. At a third locjility on this vein there is a crosscut 
tunnel about 40 feet long, which intersects the vein at right angles to it<^ strike. 
The hanging wall is well defined, while the foot wall was buried under debris, but 
the width of the vein is probably 3 feet. Some mica-schist occurs within the vein. 
The ore is similar to that described. 

Valparaiso vilne, — This mine lies to the northeast of Paul Lake, about 2 miles 
from Dolomi. It has been extensively developed and some gold ore has been shipped 
from it. There are two shafts, about 100 feet apart and about 40 to 60 feet deep. 
At the westernmost shaft the dip of the vein is about 34^ N., the strike being N. 60^ 
W. The hanging wall is slickensided and is separated from the vein by a thin seam 
of gouge. The hanging wall seems to be well defined, but the foot wall carries some 
ore. The distance between the walls at the bottom of the westernmost shaft is about 
6 feet. Only a part of this, however, carries values. Brecciation has taken place 
along the foot wall, with more or less recementing. Like the Golden Fleece, this 
vein, in a general way, follows a series of cavities. The vein carries tetrahedrite, 
galena, pyrite, and sometimes zinc blende, besides the free gold. The vein matter 
in the western shaft, according to the superintendent, is blocked out by seams which 
are lines of movement. The mineralization seems to follow a line of brecciation, and 
it is along this line of brecciation that the solution of the limestone has taken place 
and cavities have been formed. 

In the easternmost shaft the dip is 35*^ to the north. The hanging wall is well 
defined. The mining operations are in a minei-alized zone 5^ to 6 feet in width, 
from which ore was being shipped at the time of our visit. The vein at the surface 
shows a maximum width of 12 feet, with limestone forming both the hanging and 
the foot walls. Values as high as $70 and $80 a ton are reported from the picked 
ores of this mine. Since it was examined one shipment of ore is said to have yielded 
$185 per ton. 

Wednesday daun, — This is located on the south. side of Paul Lake, northwest of 
Dolomi. A small cut has been made, which exposes a vein 3 feet wide at the surface. 
The country rock is a micaceous calcareous schist, which is much faulted, the minei*al- 
ization seeming to be along the fault planes. The gangue mineral is chiefly calcite. 
The strike is N. 50^ E., the dip 45"^ to 60^ S. A tunnel has been driven about 20 feet. 
The country rock is white crystalline limestone containing bands of mica-schist. 

JeBsU claim, — ^This is located on the north shore of Paul Lake, adjacent to and 
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east of the Valparaiso. The strike is about N. (yO^ W. and the dip 20^ N. The vein 
proper is about H fc^t in thickness; above this occurs about li feet of silicified lime- 
stone and quartz, above which the hangings wall is composed of limestone. The foot 
wall is a chloritic schist. The vein minerals are chiefly iron and copper pyrite with 
free gold. 

I^aul chiim. — This lies adjacent to the Jessie on the east, and is an extension of 
the simie vein. The strike is N. tK)^ W., the dip 10^ N. The vein is partly under 
the lake, and seems to have a thickness of about 3 feet. White limestone probably 
occurs below as well as above the vein. The vein, which is well defined, carries free 
gold and pyrite. Along the contact of the vein and hanging wall the limestone is 
brecciated and reccmented by quartz. This is the place where gold was first dis- 
covered in the Dolomi region. The discovery was made by Paul Johnson, an Indian 
boy, who first found the bright particles of gold on the shore of the lake. 

KITKIIN BAY. 

General description, — Kitkun Bay is an almost landlocked body of water, which 
aas not been charted, and is connected with Brennan Bay, a southerly arm of the 
western part of Cholmondeley Sound, by a narrow neck of water. The accompanj^- 
ing maps (PI. II and fig. 5) are l)ased on a rough traverse made during the course 
of the work. The entmnce to the bay is b}^ an inlet not over 50 yards wide, which, 
except at high and low water, has a very strong current. The deepest water is on 
the east side of the channel, which is apparently free of rocks. The west side of 
the channel has many rocks in it, some of which are exposed at low tide. No 
soundings were made, but there is probably considerable depth of water even at 
low tide. 

The shores of the ba}^ are low and the topography is a rolling upland. The 
mountains near the bay do not reach altitudes of more than 1,200 feet. A broad, 
flat depression connects it with Mineral Lake to the south. 

The geology of the ore deix)sits of the Kitkun Bay region is very similar to that 
of the region adja^*ent to Dolomi, the former being, in point of fact, a northwesterly 
extension of the latter. 

The bed rock of the region is a crystalline limestone, with some phyllites, and 
belongs to the Wales series. It has a general northerly-southerly strike, with 
many variations in dip. Associated with these limestones are many bands of 
chloritic schist, which are often highly contorted. The relation of the schist to the 
limestone shows that the schist is an altered intrusive. The schist sends tongues 
into the limestone and includes f mgments of the limestone. Since this intrusion the 
series has been intensely folded, and while the broad structures run nearly north 
and south, the minor folds stand at all angles. 

The ore bodies contain free-milling gold ores. They consist of true fissure 
veins, which often carry high values, and of minemlized zones in greenstone-schists, 
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which are usually larger, but do not have so largo a gold content. Snaall blebs of 
quartz and calclte are coramon in the schist, and these often contain pyrite. In 
the region adjacent to Brennan liay many of these (juartz veins have been staked, 
but, so far as the writer knows, no developments have been made. On Kitkun Ba^^ 
some work has been done at three or four localities. 

ToirJnyy cUiirtiH. — This group lies about a mile east of Kitkun Bay and about 
300 feet above tide water. A series of quartz lodges, which the owner claims to 
have tracexi about 3,000 feet, strikes N. 30^ W., and forms conspicuous knolls. The 
walls of the vein are not always detorminablo, but where exposed the vein has a 
minimum thickness of 20 feet. Much of it is a l)arren-looking quartz, somewhat 
stained with iron. Where exposed in a small stream which cuts across the vein 
it contains granular pyrite. At this locality the wall rock was determined to be 
white limestone on the west and chloritic schist on the east, with a dip of 70^ to 
80^ S. Both walls of the vein seem to be more or less mineralized. If it can'ies 
any values they are probably concentrated near one of the walls. 

Maggie May cluim, — This propert}^ is located about one-fifth mile from the 
beach, nearly due east from the central part of Kitkun Bay, 275 feet above tide 
water. The vein is of vitreous quartz and carries granular pyrite. The strike is 
N. 30*^ E., dip 75^ NW. The foot wall is crystalline limestone, and chloritic schist 
forms the hanging wall. Near the contact with the hanging wall the quartz has per- 
meated the country rock. The contact with the foot wall is not exposed. One assay, 
it is said, gave $4.80 to the ton. No developments have been made, except a small 
open cut. 

Faion claim. — This is located about half a mile east of the Maggie May and 750 
feet above tide Water. Six feet of mineralized quartz are exposed, cutting chloritic 
schist. The vein stands about perpendicular and strikes N. 40^ E. It sends one 
offshoot 18 inches in width into the wall rock, and the country rock near the ledge is 
permeated with small veins. The best-looking ore is about 2 feet wide, near the west 
wall. The minerals are pyrite and galena. An assay of what was probably a picked 
sample is said to have given $26 in gold. This vein is said to have been traced 
through three claims and to widen out locally to 14 feet. 

One hundred feet to the east of this is a second vein on the same claim, which 
is said to have been traced for 1,500 feet. A width of 4 to 5 feet is exposed in a cut. 
It is similar to the first vein, but does not seem to be so heavily mineralized. It 
carries fragments of the wall rock, which is a chloritic schist. 

Cr(mm (jroup, — This group embraces a number of claims near the southern end 
of Kitkun Bay. Of these the San Juan, iM)0 feet above tide, shows a vein of 
quartz 3 to 4 feet thick, striking oast and west and dipping 20° N., both walls of 
which are formed of chloritic schist. The quartz vein itself, according to Mr. 
Eugene A. Knapp, superintendent of the property, does not carry gold, but a mineral- 
ized zone about 4 feet thick, lying under the quartz vein and consisting of schist and 
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qutirtz voiiiH and Htrinj^f.rn, c-arru-M values. Tli<* ^old c*r>ntents have not been deter- 
nunod, but tho ore in of low fi^rade, the valuers proliably running from Jj8 to $10. 
The larj^er vein of <iuartz is Iwirren, and the mineralizing s«olutions seem to have 
iHtmo in after it was formed. Mr. Knapp states that the gold is always aecompanied 
by manganese. A short distance to the northeast of this vein limestone is exposed. 
The si'hist** in which it cw^'urs are minendized, folded, and prolwibly much faulted 
The zone of mineralization, aeeonling to Mr. Knapp. seems to follow a small anti- 
cline of schist which underlies the limestone. 

The CV(esus <'laim projwr lie^ al)out one-half mile to the northeast of the San 
.luan, and is about 1,1()<) feet al)ove tide. A fissure which has been filled by mineral- 
iHMiring solutions cut^ chloritic si-hists and limestones. The pay streak varies in 
thickness from 4 to 8 inch«»s. Ac(»onling to Mr. Knapp, there has been faulting 
along the fissure, with a downthrow toward the hanging wall, (jold occurs associated 
with a black mineml, probably mangtinese, and with iron minerals. The ore carries 
some metallic i*opi)er. The fissure cuts across both schist and white crystalline lime- 
stone, and in plac4\M follows the contiut l)etween the two. It seems to be richest 
wheiv it is in contact with the schist. The limestone near the vein is somewhat 
silicified. The developments consist of a small shaft and two tunnels. 

S>me interesting exi)osures occur a quarter of a mile to the west, where a schist, 
heavily chargtMl with magnetite, is exposed. These magnetite-schists are apparently 
a jvirt of the greenstone-schist series. The magnetite seems to be sec<mdary after 
sulphides of iron. Near at hand is an open cut, in which the highly crystalline lime- 
sti>ne carries many metamorphic minenils. Among others, hematite, epidote, and 
chahH^pyrite were nottnl. 

SOITH ARM OK ( IIOLMONDELRY SOUND. 

iitikvisd ihi<vviptUm,' The South Arm of Cholmondeley Sound has a length of 
alH>ut S miles and averages less than a mile in width (see PI. II). Its head is 
said to Ih^ conrnvt^nl, by a iK)rtage of not more than (> miles, w^ith the upper end of 
Klukas Inlet, im the west side of Prince of Wales Island. The land rises abruptly 
fn^n the water, and the mountains, which trend pandlel to the inlet, reach altitudes 
of n,tHH> fiH^t. 

The IhhI nH*k in this ivj»ii>n is crystalline limestone, striking about north and 
MHJth* With it theiv are assiKMatiHl schistivse givenstones and some massive intrusives. 
The former an^ quart/ sericite-schists, which iH>ntain considerable chlorite, and belong 
t\> the Wales series. Tlu* massive iXH*k iHvurs in the form of dikes cutting across the 
t\)HatuM) of the sinlimentary UhIs. SiHvimens fixmi two of thest^ dikes were studied 
under the mici\vs%v|H^; one pnninl to U> an idivine-dial»ase, and the other is probably 
an «lteivd andcNite, 

The oiv Unlies art* of two tyjvs: Minendizinl zones in quartz-serieite-schist, 
cavv\ing %s^p|vr and gx^ld values* anvi veins in white crystalline limestone affording 
oivs of sJher, U>ad, and «ino. 
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Fricmdship group, — This group lies on the west side of the South Arm of Chol- 
mondeley Sound, 2^ miles from the entrance. The developments which have been 
made are close to the shore, and include a small cut and a shaft about 15 feet deep. 
The minei-alization has taken place along a contact of greenstone-schists and white 
cr^'stalline limestone, and the minei*alizing solutions have penetrated both walls. 
The contact l)etween the schist and limestone is apparently a line of movement, as the 
rocks show evidence of faulting. The greenstone-schist seems to be intrusive, though 
this could not be definitely determined. At one end of the claim a small cut shows a 
vein about 2 feet in width. Six hundred feet to the north, in a small shaft, a vein, 
which is probably the same, is exposed and shown to have a thickness of from 3 to 
3i feet. The ore is distributed in bunches and layers and is not evenly disseminated. 
The gangue minerals an* coarse crystalline calcit-e and white quartz. Samples of ore 
are said to have run as high as 2r> per cent in copper, with a gold content of $1. The 
ore is chalcopyrite and bornite. 

KetclkiTcan Cojyper Cif^njxiay- — This company owns a group of 12 adjacent claims, 
which lie on the west side of the arm and join the Friendship group on the south. 
When visited there wjvs unfortunately ho representative of the company on the 
property. Since then the writer is informed that development work is being pushed 
vigorousl3\ 

The ore body, as far as determined, is a mineralized zone, which occurs in a 
quartz-sericite-schist. This schist is made up essentially' of bluish quartz and sericite, 
and it is often banded. Chlorite is a verv common accessory mineral. While it has 
many of the characteristics of an altered sediment, yet it strongly resembles the 
schists found in association with the ores at Niblack Anchorage, which are believed 
to be altered rhvolites. It seems likely that more detailed studies will show that this 
schist has been intruded into the sedimentary series as a massive rock and subse- 
quently rendered schistose by crustal movements. During this deformation, or 
possibly in part subsequent to it, the ore-bearing solutions were -injected. The strike 
of this schist belt is about north and south, parallel to the inlet, while its dip is 
variable. Its boundaries were not determined, l)ut the belt must be several hundred 
feet wide. Nearly all of the schist belt contains more or less pyrite, but the com- 
mercial values seem to be confined to certain zones, where the movement has been 
most intense. 

About a mile from the teach and 900 feet al)ove tide water a tunnel has been 
driven for about 300 feet. The tunnel is intended to cross the ore bodies, but, as 
these vary considerably in their trend, the tunnel in part runs pamllel to the ore. A 
number of mineralized zones, which carry iron and copper pyrite, are ex|X)sed in the 
tunnel. Owing to the changing courses of these veins it is im|X)ssible to estimate 
their thickness from a cursor^' examination, but it must be considerable. The 
mineralized zone is impregnated by pyritic minerals, which occur in small veins. 

In a small gulch lying southwest of the tunnel, at an altitude of 950 feet, a 
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mineralized zone was seen, occurring in a soft chloritic schist striking N. 40° W. 
and dipping 75^ N. The siliceous mineralized rock is of a dark hue and is heavily 
charged with pyrite. This zone was observed at several localities, and found in each 
case to carry copper and iron pyrite and copper oxides. The larger veins are cut 
by smaller ones, which are also ore bearing. The dikes which cut the schistose series 
have already been described. They are of economic interest, because near their 
margins the mineralization of the schists is usuall\' more intense. The mineraliza- 
tion of the schists has taken place since the intrusion of the dikes. The owners 
report the ore Inxly exposed in thq tunnel to carr^' values of copper, gold, silver, 
and lead of from $2.50 to $25. They estimate the average of the ore bodies exposed 
to be $4 to $5. The fact that the ore bod}' is large, and is in a position to be 
cheaply mined, will probably make it possible to handle even ores of the lower 
grades, especially since they are well adapted for concentration. 

SU^jer-lead prmpecU, — These are said to l)e located on the west side of the arm, 
2 miles from the beac^h and 2,000 feet above tide water. The trail leading to them 
could not be found, so the locality was not visited. The veins are said to occur in a 
white crystalline limestone, and to be chiefly galena bearing. Mr. Eugene A. Knapp, 
who has opened up one of the properties, reports an ore body 12 feet in width. 

WK8T ARM OP CHOLMONDKLKY SOUND. 

Oeneral description. — No dis(^overie8 of importance have been made in this 
region (see PI. II), though, as in other parts of the district, a great many claims 
have been staked, but no attempt has been made at their development. The 
country rock of the region is chiefly a greenstone-schist, with bands of crystalline 
limastone and phyllites into which the greenstone was intruded. These rocks belong 
to the Wales series. In some cases minenilized quartz veins and blebs have been 
found in the greenstone-sc»-hist, but none of these have thus far been exploited. 

At the west end of the arm, near the beginning of the trail to Hetta Inlet, a 
number of claims have been staked. One of these, entitled Earl No. 1, is about half 
a mile from the beach. The country rock is a quartzitic schist, associated with 
graphitic phyllite, and in it are some disseminated quartz blebs which carry iron 
pyrite. 

About a mile north of Sunny Point, near the entrance of the arm, some pros- 
pecting has been done, and a claim, usually known as the Anderson property, is said 
to carry copper values. We were unable to visit this claim, but it seems very likely 
that it is a southern extension of the copper- bearing rocks of Skowl Arm. 

TWELVEMILE ARM. 

General description, — Twelvemilo Arm is a narrow inlet which makes off in a 
southwesterly direction from Kasaan Bay. (See PL II and fig. 0.) At the head of 
the bay is a broad flat — the delta at the mouth of a stream of considerable size. At 
other points the mountains rise abruptly from the water. 
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The bed rock lying immediately adjacent to Twelvemile Arm is chiefly crystalline 
limestone, with considerable intrusive greenstone, both massive and schistose. The 
massive greenstone is of a dioritic character. The schistose phase is chiefly chlorite 
and actinolite-schist. 

West of the limestone belt there are black graphitic schists, with which green- 
stones are likewise associated. The beds have a general northwest-southeast strike, 
with variable dips. The phyllites seem to underlie the limestone, and together they 
have been thrown into open folds. These beds belong to the Wales series, which 
is usually more closely folded. 
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Fio. 6.— Sketch map of Kasaan Peninsula, Twelvemile Arm, and Skowl Arm, showing claim locations. 

Dikes of a bluish-gray porphyritic rock were found in the phyllites at several 
localities. This rock, with which Some of the ore bodies were found to be closely 
associated, is too much altered to admit of a definite determination, though it 
resembles the dike rock of the Thorne Arm region, which was also indeterminable. 
At one locality some rhyolitic rocks were observed, but their relation to the bedded 
series was not determined. The ores of the region yield gold (in part free milling), 
lead, and a little copper. The ore bodies occur in true fissure veins, which cut the 
country rock at various angles. One set of veins is found in ^he phyllites, another 
occurs along shear zones in the diorite. The veins in the phyllites are closely 
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vein 2 to 2i feet thick, with wall rock of slate, and similar in chanu^ter to theCrack- 
erjack vein. The vein strikes in a northwest-southeast direction and dips about 
20° N. It seems to follow a true fissure, and is said to have been tmced a mile to 
the west. One hundred vards to the east the vein has a thickness of 4 or 5 feet. At 
this point a gv^y porphyry dike splits the vein. The dike itself is mineralized and 
carries gold values. Assay returns give $6 to the ton in gold. At the first locality 
described as8a3's have shown values as high as $100 to the ton. 

L<(^t Chan4^€ (iaiw, — This is Iwlieved to l)e located on an extension of the Hollis 
vein, and lies about a mile southwest of the town of Hollis. The dc^velopments con- 
sist of a small cut, exposing a vein 3 to 5 feet in thic^kness, in a country rock made 
up of curly slate. Greenish porphyry is associat<Ml with the vein. The vein is said 
to have been tmced through the Keokuk claim to the Hollis. About 50 feet below 
the principal opening on this same claim there is a smaller vein, 12 to 18 inches in 
thickness, cutting a poqjhyry dike. 

Commander gnnip — This group of claims lies about 7 miles to the northwest of 
Hollis. At the time of our visit the only comnmnic^tion was b}' a rather primitive 
trail. 

The Flora claim of this group has been developed bv a tunnel about 60 feet in 
length, following a vein which strikes about east and west. The vein follows a zone 
of shearing which is from 1 foot to 18 inches in width. Small calcite veins are found 
in this zone of fracture, and some of the.se follow joints which run at right angles to 
the plane of shearing. The rock in this shear plane is mineralized. At the entrance 
to the tunnel the zone is 2i feet in width, and in its greatest width it is probably not 
more than 8 feet, and it gradually pinches down and runs into one of the fault zones 
noted above. The vein matter is well banded and the vein seems to follow a true 
fissure. Both walls are more or less mineralized. The countrv rock is a diorite- 
porphyr}^ which is in places ver}' much sheared. At this locality the foot wall is 
formed of a sheared porphyry, while the hanging wall is composed of more massive 
rock. 

Adjacent to the Flora is the Nellie claim, which has been opened by means of a 
30-foot tunnel. This is an extension of the Flora vein. The foot wall is formed of 
sheared poi*phyry, and the hanging wall of a more massive variety of the same rock. 
The vein follows a line of movement along the contact of schistose and massive por- 
phyritic diorite. The vein itself, however, is chiefly in the more massive rock, which 
is brecciated. At the entrance to the tunnel it has a width of about 2 feet, and at 
the breast of the tunnel 3 to 4 inches. The foot wall is slickensided and stnated. 

Fifty feet below this vein a small one is exposed in a stream bed, which, how- 
ever, has not been developed. It follows a brecciated porphyry dike, and consists 
of a number of quartz stringers. The zone of mineralization is probably 3 feet in 
width and contains 3 quartz veins. The ore in all these veins is iron and copper 
pyrite and galena, with quartz gangue. It is currently reported that the averages 
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show values of $20 to $40 in crold. The writer was informed that the average from 
one lot of assays yielded $50, chiefly in gold values. 

Monday claim. — ^This is located about three-fourths of a mile north of Clark 
Bay, a small embayment lyingf immediately north of Hollis. The country rock is a 
black slate, striking about northwest and southejist. The developments consist of 
two small cuts, about 100 feet apart and 650 feet above tide. In the first cut the vein 
shows a thickness of 4 to 12 inches in black slate. In the second the vein is found 
to follow the contact of a black slate and an andesite dike, along which there has 
been considerable shearing. The rocks have been sheared for about 8 feet, parallel 
to the foliation of the slate and to the vein. The \in\\ itself is 12 to 14 inches thick, 
with some smaller offshoots within the fault zone, within which the slate is reduced 
to a fine carbonaceous mass and the andesite dike to a clay. A vein of vesuvianite 
is found in this mineralized zone, apparently introduced at a later date than the ore- 
bearing vein. The ore is galena and pyrite, and the gangue is made up of quartz 
and vesuvianite. Values were not definitely learned, but are reported to run from $5 
to $8 in gold and 15 to 40 ounces in silver. 

Lavinu claim, — This is located on the east side of Twelvemile Arm, about 2 miles 
south of Hollis and a quarter of a mile from the beach. A 30-foot tunnel and a cut, 
located about 900 feet above tide water, reveal an ore body about 6 feet wide, con- 
tained in a brecciated zone in a rock which is probably rhyolite. The strike of the 
vein is nearly east and west and the dip 65° N. Considerable country rock is 
included within this brecciated zone, which has been permeated by small quartz 
veins. The ore is chiefly iron pyrite, with some copper pyrite. Its gold contents 
were not detennined. 

Marhle Heart claim, — This lies about 2 miles to the southwest of the southern 
end of Twelvemile Arm. The country rock is a crystalline and semicrystalline gray 
and white limestone, with some argillaceous layers. The developments consist of a 
shaft, probably 20 feet deep but filled with water at the time of our visit, and a small 
tunnel about 25 feet below. The tunnel followed a small vein of galena. The expos- 
ures in the tunnel showed the limestone to have been intensely squeezed and meta- 
morphosed. 

Dolly Vardeii claim, — This is located about 1^ miles southeast of the head of 
Twelvemile Arm. We were unable to visit this claim, but learned that the country 
rock is a white limestone, and that the ore is copper pyrite and malachite, carrying 
some gold values. It is also reported that other veins in this vicinity have been 
developed. One carrying copper and gold is reported on an unnamed inlet which 
connects through to the west side of the island, about 6 miles to the southwest of 
Twelvemile Arm. 

KARTA BAY. 

. General description, — During the summer of 1901 important discoveries 
were reported from a region lying 8 or 10 miles southwest of Karta Bay (see 
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PI. II and %. 0), which we were, uiifortunatel}^ not able to \^.sit. Karta Bay \h a 
western arm of Kasaan liiy. The bast evidence available HU^gests that this is 
an extension of the mineral lielt lying in the Ilollis region of Twelvemile Ann. 
Mr. Samuel Lichtenstadter, who is exploiting a property which is part of the 
Constitution group of claims about 10 miles from the coast, reports that the vein 
is well defined in country rock of slate, and is from 2*^ to 3 feet wide, with an 
inch or two of gouge next to both walls. He reports that by using a lake he 
was enabled to obtain alK)ut 5 miles of water tmnsportation. The values are 
both free and combined gold, re{K)rted to run from $4 to $200. Some galena 
deposits have also l>een rei)orted from this region. 

HKOWL ARM. 

Geiural (if^rrijtflfnK — Skowl Arm (see PI. II and fig. i\) is a western branch 
of Ktisaan I^v. A high land mass divides its up{)er part into the Western Arm 
and what is usually known Jis McKenzie Arm. The shores are abrupt and the 
mountains reach 2,000 feet or more. Both channels are studded with small, 
rcH'ky islands, and navigation is rendered dangerous by the fact that there are a 
numlKM' of unchart^Ml rocks. 

The country rock of the region is for the most i)art igneous, except along a 
few miles of the northern shore, where phyllites and limestones of the Wales series 
outcrop. It is probable that a more careful search would reveal other areas of 
these sediments. The igneous rocks offer considerable variety in composition, 
but they are here all grou^KHl together as the Kasmm greenstone. Among the 
more massive rocks of this group diorite-{K)rphyrv or andesite predominates. The 
schistose greenstones are chiefiy epidote- , actinolite- , or chlorite -schists. These 
schistose phases seem to be altered phas(\s of the massive rocks and to be confined 
to certiiin zones of shearing. 

The on^ Inxlies ari^. chiefiy copjKM' and nickel de|X)sits, which often carry gold 
values. Thesi^ iHTur in bunches and in irregular shoots in the massive rocks, also 
along zones of shearing in the schistose phases. The first are irregular in their 
occurrence, and even the second are in no way companible to veins. The ores are 
chiefly chalci>pyrite and pyrrhotite, ass(H*iated with magni^tite and iron pyrite. The 
ganguo is the I'ountry rock itself, epidote, calcite, and some quartz. 

In the Skowl Arm ivgion only one claim was visited in which the country rock 
was stnlimentary. The vein in this case was inclosed in gniphitic phyllite. 

The developments thus far have Ihhmi confined almost entirely to the McKenzie 
l>ninch of Skowl Arm. Claims have Ihhmi staked elsewhc^re, but have had little or 
no work done on them. 

Ktam i/rttujK This group is Undated alK>ut 4 miles south of McKenzie Arm, with 
which it is connected l>y a trail. The mine workings, at an altitude of about 2,200 
fei^t, ci>nsist of a crosstuit tunnel, alx^ut ;>iH> feet long at the time of our visit, which 
has since Ikhmi extended UK> feet farther, but had not at last reports reached the ore 
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body. Near the crest of the mountain a body of chalcopyritc and pyrrhotite is 
exposed at the surface. The trend of the outcrop is about east and west, and the 
vein has a width of about 20 feet. In this width of 20 feet are included some masses 
of the country rock, which is an altered diorito-porph^n-y or andesitic rock. The 
walls of the deposit are ill defiruHl, there being more or less gradation. Below the 
top of the mountain, at an altitude of about 2,250 feet, a tunnel has been driven 
across the vein at a depth of about 50 feet, and exposes ore for nearly its entire 
length. The ore is copper pyrite with some pyrrhotite. The latter is' said to carry 
nickel. The country rock is nearly massive, ])ut shows some foliation. The strike 
is N. 60^ W. The assays reported by the owners show copper values from 5 to 30 
per cent and nickel values of $35 per ton. The ore contains some sphalerite (zinc 
blende) and iron pyrite and a little gold. 

The surface showing of this property is excellent, it l>eing as fine a body of 
pyrite ore as has been found in the region. The fact that there are shear zones 
in the greenstones makes it probable that the mineralization will extend in depth, in 
spite of the fact that the ore }K>dy is not a well-defined vein. 

Red Roae^ Hechi^ and Bertha da/z/i^s.—Thesa were not examined by the writer, 
but are said to lie about three-fourths of a mile southwest of the Kiam. The 
deposits are descril)ed as consisting of three parallel veins, aggregating 50 feet of 
ore, which is chalcopyritc and pyrrhotite. The occurrence and ore are said to be 
in every way similar to those of the Kiam deposit. 

Manunoth and Lake Vietn cfal//i.'<, — This group is alK)ut a mile southeast of the 
Kiam group, 1,000 feet al)ove tide water and 2 miles from the beach. The country 
rock is of dioritic or andesitic nature, but in the vicinity of the ore l)ody has been 
sheared and changed to an actinolite-schist. At the outcropping of the vein, where 
some stripping has been done,* an ore body with a width of 8 to 10 feet is exposed. 
Near at hand another exposure shows the minendized zone to have a width of 20 feet. 
The ore, which is chiefly chalcop^rite and some pyrrhotite, occurs in solid masses 
separated by angular horses of greenstone, more or less schistose. These horses, 
which are lenticular in outline, occur in various parts of the ore boily. The general 
strike of the ore body is about east and west, and the dip is al)out vertical. 

A crosscut tunnel bus ])een driven, which intersects the ore at a depth of 20 feet, 
exposing it for 6 to 8 feet, and passing through it into a mass of schistose greenstone, 
which seems to l>e a horse, since there is ore bcvond it. So far as could be deter- 
mined, the crosscut, which has l)een driven about 8 or 10 feet beyond this horse, had 
not reached a well-defined on* body, though all the rock contains considerable 
chalcopyritc. The crosscut is 50 to 75 feet bc^ow the surface outcropping, which 
shows ore for a breadth of 8 to 10 feet. The owner states that ore had been found 
at four diflFerent places along a width of 400 feet, and claims to have traced the vein 
through five claims. It is claimed that the Anderson property, which lies near 
Cholmondeley Sound, is on the extension of this vein. 
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The ore is chiefly chalcopyrite, with some pyrrhotite and iron p^rite, and some 
pyritiferous vein quartz in small blebs. There can not properly be said to be much 
gan^e, though there is some calcite and epidote. In parts of the deposit the ore is 
disseminated through the wall rocks. The wall is usually not very well defined, 
though sometimes marked by a shear zone. From samples taken near the surface 
the owners report values as follows: 19i per cent copper, 3 ounces silver, $4.80 in 
gold, and traces of nickel. The presence of so much silver suggests that galena may 
be present, though none was observed by the writer. A qualitative examination of 
a specimen of the ore showed the presence of zinc blende. 

Anderson's via! in, ^ — This claim lies 100 yards west of the lower end of Macken- 
zie Ann. A tunnel in chloritic schist shows a zone alK)ut 3 feet in width carrying 
copper pyrite. The strike is about ea^t and west, and the dip about 90*-^. The coun- 
try rock, which is a chloritic schist, bears evidence of having been much sheared. 

Hatchet claim, — This claim is about half a mile north of Skowl Arm and 300 feet 
above tide. The country rock is a black, carbonaceous, p3'ritiferous slate, striking 
N. 60^ W. and dipping 50^ NE. A small cut exposes a fissure vein, which strikes 
about N. 60"^ W. and dips 70^ >i. At its widest point it has a width of about 4 inches. 
This vein sends numeix)us offshoots into the countrv rock, and the collection of string- 
ers gives a mineralized zone about 4 feet in width. Along the fissure there is evidence 
of abnormal or reversed faulting. Near the plane of movement the schists are much 
crumpled. The ore is chiefly iron pyrite. An assay showed gold contents amounting 
to something less than $1 a ton. 

KASAAN PENINSULA. 

General description, — ^This peninsula (see PI. II and fig. 6) lies between Clarence 
Strait and Kasaan Bay, and is cut out from the eastern coast of Prince of Wales 
Island by Elasaan Bay on the south and by Tolstoi Bay and Thorne Bay on the north. 
A low mountain range forms the backbone of the peninsula, with altitudes ranging 
from 1,500 to probably 2,0(K) feet. The southern and western shore line is abrupt 
and almost unbroken, and has practically no shelter from southeasterly storms which 
sweep up Kasaan Bay. The northeastern coast of the peninsula also rises abruptly 
from the water, but is broken by a number of indentations, some of which form small 
harbors. 

The first discovery of copper d(»posits in the Ketchikan district was made by the 
Russians near the present location of the CopjK^r Queen mine, on the southern side of 
the Kasaan Peninsula. They seem to have attachinl little importance to this dis- 
covery of a chalcopyrite ore body, and the exact dat(^ of the find is not known, though 
it probably occurred in the early \myX of the nineteenth century. 

At present mining and prospecting operations are going on at a number of 
localities in the region. Kasaan is the largest settlement on the peninsula, and 
includes a post-office, sawmill, store, and hot(»l, and there is a small native village 

nThis claim must not be confoundctl with the one l<x*ated near Cholmondeley Sound. 
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close by. This town is the distributing point for the region tributary to Kasaan 
Bay. It is not to be confounded with the old Kasaan Indian village, which is located 
on the north shore of Skowl Ami. Grindall, situated at the southern point of the 
peninsula, on a small harbor, includes several buildings, post-oflBce, and one store. 

The bed rock of the p(»ninsula is largely a massive green porph^^ritic rock, which 
is sometimes of a dioritic and sometimes of an andesitic character. The predominant 
phase is a rock which in hand specimen shows porphyritic feldspar crystals in a 
light-green groundmass. The phenocrysts are usually labradorite, but in some cases 
andesine or oligoclase. The groundmass consists of a crystalline aggregate of plagio- 
clase, hornblende, augiU\ with usually considerable magnetite and often titanite, 
together with numerous other accessory minerals. In a more acid variety which 
approaches rhyolite in composition, orthoclase and (juartz occur. 

The lack of detailed studies has forced the writer to group all of these rocks 
together, and they have been termed the Ka.saan greenstone. Their geologic rela- 
tions are not well known. The lithologic structure of the predominant type is 
that of a rock which has crvstallized at or near the surface, but the field relations 
often suggest intrusive masses. The probability is that when detailed studies have 
been made the Kasaan greenstones will be found to consist of an intricate complex of 
many types of igneous rocks, embracing both effusive and extrusive phases. Besides 
the Kasaan greenstone proper, some dikes of a true diabase were observed. Of 
especial interei^t are some belts of white and blue crystalline limestone which occur 
within the greenstone area and whose age was not determined. 

Within the peninsula the Kasaan greenstone is usually quite massive, but has 
two well-marked systems of joints. In this respect it differs from the Skowl Arm 
region, where well-marked shear zones, which are traceable for considerable dis- 
tances, have been found in the greenstone. One system of jointing trends about 
northwest and southeast, parallel to the longer axis of the peninsula, and the other 
runs about east and west In some instances considerable movement has taken place 
along these joint planes, developing local shear zones. The joints are also lines of 
weakness along which dikes have been intruded. 

The ore deposits of the Kasaan Peninsula are very remarkable, and in many 
ways extremely puzzling. As the mining operations have been limited to shallow 
open cuts, and have in no case gone more than 50 feet below the surface, there is but 
little to guide the investigator besides the surface ex{)osures. 

The outcrop of the ore bodies usualh' shows an irregular mass of copper, iron 
pyrite, and magnetite, which is sometimes sharply defined, but often grades into the 
country rock by imperceptible tnmsitions. In some cases joint planes form the 
boundaries of the deposits, and in this event they have well-defined walls. The 
various types of the Kasaan greenstone form the wall rocks of the ore deposits, and 
in the vicinity of the ore contain much epidote, and as a rule are so generally altered 
that their original mineral constituents can not be determined. The ore bodies vary 
9210— No. 1—02 7 
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in size from small Imnchos ii fow inchos in dijimotor to massos which reach 50 feet or 
more in width. In th(»ir distribution these d(»jK>sit*< an* irre<^ular, but seem to occur 
s{)oradically in zones, which, with a j^eneml northwest-southeast trend, are in some 
cases half a mile or more in width. 

As far as can be determined by the (»xistin^ excavations, there seems to be more 
or less of the same irresfularitv in the vertical distribution of the ore, as is shown 
horizontally by the surface outcrops. Bcxlies of on* have Ikhmi followed to depths of 
20 to 50 feet, and then found to j^ive out completely. Apiin, in drifting, other ore 
l>odies have l)een found which did not reach the surface. One important fact is, 
that, as far as the observations of the wM'iter go, these ore bodies, while apparently 
pinching out completely, are in fact extended by ore occurring in small bunches in 
the country rock. In other words, while from a conmiercial standpoint the ore 
bmlies are isolated, from a siientific point of view they are connected by the ore 
contents of the country rock: the masses of minable ore are l)onanzas occurring in a 
minenil-])earing zone. This is an important point for the mining interests of this 
vicinit\', because it argues well for the contimuition or recurrence of the ore bodies 
in depth. 

In some of the mine workings the percentage of magnetite decreases very nip- 
idly below the surface. In these the place of the magnetite is taken })y copper and 
iron pyrite, showing that the occurrence of the former mineral depends upon the 
alteration of the sulphide minemls near the surface. In certain of the thin sections 
examined under the microscope pyrite grains were o])served, surrounded by secondary 
magnetite. 

The ores of the region are copper pyrite and some bornite. These <HTur in solid 
masses, which often carry very high percentage»N of copjier. They are closely jisso- 
ciated with iron pyrite* and magnetite. The gangue, as far as there is any, includes 
amphiboles, epidote, vesuvianite. and considerable calcite, together with chlorite and 
jasper. Souk* of these* de|X)sits resemble true veins, inasnnich as the chalcopyrite 
and iron pyrite are contjiined in a coarsely ('rystulline calcite gangue. Vein quartz, 
carrying iron pyrite,* is found in some of the on* bodies, though it is not very 
conuuon. 

The on* Ixxlic's are of two types. In the* one, solid masses of chalcopyrite and 
pyrite an* associat(*d with (*pidotized country rock; in the other, the chalcopyrite* and 
pyrite are cemented by a gangue consisting chiefly of calcite, with some quartz and 
chlorite. Zinc blende occurs sparingly with tht^ e-oppcr pyrite. No pyrrhotite was 
o!)served, though it seemed as if it ought to be present, because of the analogy 
of these deposits to those of Skowl Arm. The ores carry low gold values. It is 
difficult to irive in wn^nil terms a fair idi*a of the valu(*s of the ores. It would 
seem to the writer that then* wen* j)roba})ly ])n)ad l)lebs of the pyritiferous green- 
stone which would yield from H to 3 or 4 per cent of copper, with probably scveml 
dollars a ton in gold. The ore bodies proper yield from 5 to 30 per cent copper and 
^l> to *t) in gold. 
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The origin of these ore bodies offers an interesting field for speculation, but 
one which it is not worth while to enter with the present meager knowledge of the 
facts of their occurrence, relations, and distribution. The writer would, however, 
call attention to their possible analogy with deposits to which an origin by 
magmatic differentiation has been ascribed.^ It should be noted, however, that the 
evidence points toward the conclusion that in the deposits under discussion there 
has undoubtedly been mineralization subsequent to the cooling of the rock in 
which they are contained. The quartz and c^alcite veins can not be explained by 
magmatic differentiation. The linear arrangement of the ore bodies, together 
with their parallelism to the planes of movement, leads to the conclusion that they 
exist in zones of secondary mineralization rather than that they are separations 
from a cooling magma. 

It should be noted that some ore deposits occur at the southeastern end of the 
peninsula which are quite different from those described above. These seem to be 
true fissure veins; they occur near the contact of crystalline limestones and intrusive 
rocks, and carry values in copper and gold. 

It would not be advisable to attempt to prophesy as to the future of these 
deposits. Many who have observed the enormous outcrops of these deposits have 
been altogether too optimistic as to their value and extent. Others, again, after a 
very limited amount of prospecting, have become too easily discouraged because 
the rich ore bodies were not continuous. Much of the money spent has been largely 
wasted, either because the managers were entirely ignoi*ant of proper mining 
methods or because they have been over anxious to begin shipping ore before a 
mine had been developed. The consequence is that on some of the properties the 
excavations come as near being a mining development as those of a prairie-dog 
colony. One of the difficulties that has confronted the mine owners is their 
misapprehension of the real nature of the deposits, which they have regarded as 
true fissure veins. For this reason their energies have been misdirected in attempts 
to develop the ore bodies. The deposits are peculiar, and besides plenty of capital 
they require the management of experienced mining engineers for their exploitation. 

Copj)er King claims. — This group is located on the southern shore of the penin- 
sula, near the head of Kasaan Ba}^ about half a mile from the beach and 100 feet 
above tide. The developments consist of a shaft about 20 feet deep, a tunnel 30 feet 
long, and an open cut 35 feet. The country rock is the greenstone of the peninsula, 
which has already been describ(»d. The ore deposit consists of this greenstone, in 
which disseminated })unches of iron and copper pyrite and magnetite occur, with 
calcite, epidote, and some quartz as accessories. The limits of the ore body are ill 
defined, and it passes by gmdual transitions into the country rock. Inmiediately to 
the south of the shaft there is a very large body of magnetite, whose limits could not 
be determined. At the crosscut, 100 yards to the west, the following section was 
exposed: Near the surface 20 feet of greenstone, which is deeply weathered; then 10 

a For references, see Lebre von den Erzlagenttatten, Richard Beck, Leipzig, 1901, pp. 37-48. 
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feet of weathered gret»nstone carrying ])vrit4»; below this 10 feet currying iron pyrite 
and niagnetitt^ with some copper pyrite. The* gangue of this hitt(»r zone is horn- 
blende and calcite. Th(» cop|x*r pyrite seems to be closely associated with the calcitc. 
The surface stripping above the crosscut shows a mass of magnetite, copper, and 
iron jn'rite lying in grcMMistone. The pyrite* occurs in irn»gular blebs and masses, 
and the whole is cut by small vcmus of calcite. Twenty-five feet Inflow the open cut 
is a crosscut tunnel about 30 feet long. In the first 10 feet of this tunnel green- 
stone is (»xposed, carrying copp(»r and iron pyrit(». With this are many calcite blebs 
and small calcite veins, the latt4»r following the joint planes. The last 10 or 15 feet 
exposed in the tunnel are made up chiefly of iron pyrite, with some copper pyrite, 
the former ap|>arently taking the place of the magnetite, which oc*curs on the surface 
in nmch larger amounts than underground. In the roof of the tunnel there is a 
greater pr()|x)rtion of magn(»tit(^ than in the floor. A w idth of about 6 feet within 
this mineralized zone is made up of fairly good ore. About 50 feet to the northeast 
of the tunnel are surface exixxsures of magnetite, iron pyrite, and copper pyrite, 
which hav(» been jmrtly alt4'red to carbonates. Assays re^x^rted by the owners give 
12 to 13 i)er cent copper and ^ to $10 in gold. 

Maniimj Star claunH, — The claims making up this group lie to the north of the 
Copper King. Th(» development at the time of our visit consisted of a shaft 20 feet 
deep, located about 250 feet above sea level. At the surface a mass of magnetite is 
exix)sed, carrying iron and copt)er pyrite. This iron de|X)sit apparently has a width 
of 30 or -10 feet. As far as could be deti^nnined, the charaeter of the ore body is 
very similar to that of the CopiH»r King. (^nsideni})le coarsely crystalline calcite 
is found associated with the ore. Th(» ore is said to c*arrv gold values, though exact 
analyses were not obtiiined. Five claims are said to be included in this group. 

Copper Quaen vl<ilmH, — This name is applied to a group of claims lying about 
a mile east of Kasaan post-oftice and close to the beach. On the beach there are a 
number of small shafts, and a (juarter of a mile inland about 200 to 300 feet of 
tunnel have been driven. The country rock in all the workings is a massive green- 
stone which shows some jointing. Near the l)each, and in part below tide water, 
a number of rich copper pyrite ore bodies have been found. The outline of these 
deposits is very irregular, though the boundary with the greenstone is fairly clear. 

About a (juarter of a mile from the })each and 250 feet al>ove the sea a strip- 
ping has been made which revivals an irregular body of ore. The boundaries of 
this ore seem to be formed by the joint planes of the greenstone, which here 
run nearly north and south and east and west. Taken as a whole, the Copper 
Queen property probably contains many irregularh^ distri})uted ore bodies. The 
ore pockets, when found, are very rich, and careful prospecting with diamond 
drill might lead to coumiercial success. 

/V//' Man'^H dahn^, — This property was not visited, and the writer is indebted 
to Mr. Biaimy Stevens, of Ketchikan, for the following notes. It is located 



CLAIMS ON KA8AAN PENINSULA. 101 

north of the Copper Queen and a})out a mile from Kasaan Bay, at an altitude of 
about 1,200 feet above tide. The developments consist of a 15-foot tunnel with 
some open cuts. The country rock is similar in character to that of the Copper 
Queen and other claims in the vicinity. It is cut by a diabasic dike, which forms 
the foot wall of the ore body. The deposit is a minei*alized greenstone mass, 
carrying copper and gold, with calcite, fluorspar, and quartz. The ore breaks 
freely next to the dike, but the other wall is not well defined. Tt has a width 
of about 15 feet. Throughout this width there are minei'alized streaks from 2 
to 10 inches thick. The gold values are considerable. 

White Eagle claim, — This proj^^rty lies to the east of the Copi>»r Queen, the 
chief workings being about half a mile distant from it. Considerable money has 
been spent in constructing a tnim, a wharf, ore (•huti\s, buildings, etc. The chief 
workings are at two localities on(»-fourth of a mile apart and about half a mile 
from the beach. The easternmost tunnel, about 50 feet in length, is located 750 
feet above the sea. It is connected with the tramway bv a chutt*. The countrv 

ft.' •.' ft, 

rock is greenstone, which is jointed, and movement has taken place along the 
joint planes. Two systems of jointing were observed, one striking N. 45^ W. and 
dipping 80'^ SE., the other striking N. 45- E. and dipping 75*^ NE. The ore 
bodies, consisting of copper pyrite, seem to be limiU^d by joint planes. Within 
the limits of these ore bodies solid bunches of copper pyrite, separated by 
gangue, epidott*, and vesuvianite, are found. One of these masses, which was 
said to have been solid ore, had been mined out and an opening 20 by 10 by 10 
feet was left. A second tunnel, a quarter of a mile to the west and 550 feet 
alx)ve the sea, was driven for the purpose of cutting an ore body which is exposed 
on the mountain 75 feet above the tunnel. The deposit is similar in character to 
that in the eastern tunnel. The ore has been crosscut bv a small tunnel which lies 
in a zone striking N. 50^ E. and dipping 45^ NW. The jointing strikes northwest 
and dips 80^ SW. At the entrance to the tunnel a diabase dike 8 or 10 feet wide 
cuts across the countrv rock. The ore body exposed on the mountain above the 
tunnel is chiefl}' magnetit(\ The sulphide ores from the White Eagle are reported 
to run 25 to 30 per cent copper. 

Skookum and Elm City claims, — These claims l>elong to the same projx^rty as 
the Copper Queen. They are located about a half mile east of the White Eagle, 
a quarter of a mile from the Ix^ach, and 500 feet above the sea. In general 
character the occurrence is similar to the Whiti* Eagle. A tunnel which has been 
driven a few feet shows that th(^ country rock is dioritic, partly replact»d by epidote 
in the vicinity of the ore body. The ore consists of iron and copper pyrite and is 
said to carry §10 in gold values. At the face of the tunnel 3 feet of ore, including 
some country rock, are exposed. Both sides of the ore body seem to be fault 
planes. The mineralized zone shows evidence of movement. Small veins of 
calcite are not uncommon. 
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Mount Andrefn cluiina, — This property is located a)K)ut 2 miles southeast of 
Kasaan post-office. It embraces about 2(> claims, and extends from the beach for 
half a mile or more inland. The principal developments include a number of open 
cuts, three shafts, and several tunnels, and are about a half mile from the shore. 
A corduroy horse trail connects these with a small wharf and several buildings 
locnted on the shore. 

The country rock belongs with the Kasaan greenstone. At the lowest tunnel, 
l(K»ated about 500 feet south of the offices and l)oarding house and on the Mayflower 
claim, an ore body in the greenstone consists of massive copper pyrite with much 
magnetite. The ore occurs in bunches and masses, probabl}' through a width of 50 
fe^t or more. The limits of this ore Ijody are ill defined, but seem to follow joint 
planes running northeast and southwest. Near the limits of the ore body the 
country rock is largely altered to epidote. The tunnel at this locality has a length 
of about 100 feet and is about 1,000 feet above the sea. For a distance of 50 to 100 
feet the tunnel was driven through a mineralized greenstone carrying copper pyrite 
and much magnetite. The inner boundary of this zone is limited by a joint plane, 
along which there has been movement. Commercial samples are said to run about 
2 to 6 per cent in copper and from 30 to W per cent in iron. A shaft ne^r the 
entrance to this tunnel passed through an ore body 13 feet in depth, which ran 
from to 9 per cent in copper, with several dollars in gold. 

The upper workings on the North Star claim include a tunnel about 300 feet in 
length and a shaft about 60 feet deep connecting it with the surface. Along the 
tunnel and in several crosscuts the whole rock is more or less ore bearing, and 
several ore bodies are exposed by crosscuts and winzes. Much epidote and some 
calcite are associated with the ore. The boundaries of the ore bodies are often joint 
planes which cut each other at right angles. In many cases, however, the ore Ixxiy 
gradually passes into the country rock, which contains irregularly distributed 
bunches of copper ore. The copper content*; of the ores from the tunnel workings 
are said to run from 1 to 5 per cent. The shaft revealed an ore body 17 feet thick, 
which carries 4 to 7 per cent in copper and $3 to ^5 in gold. Another shaft was 
sunk in ore to a depth of -1:2 feet, with 2 to 14 per cent copper. 

Al>out a quarter of a mile to the southwest of the shaft is a large exposure of 
magnetiU* which, we were informed by the superintendent, had l)een traced for 1,000 
feet. This magnetite occurs in greenstone which is more or less schistose. It is said 
to contain only 0.02 per cent of phosphorus, but to run high in sulphur. Dissemi- 
nated through it is considerable cop{x*r pyrite, and even when there are no visible 
copper mineral the magnetite is said to carry about 0.1 per cent copper. 

In a crosscut on the Peacock claim of this group there is an occurrence of copper 
similar to the other ore bodies, which runs 5 jx^r cent copper and $1 to $2 in gold. 

The gold values from the lower tunnel are reported to run from $2.50 to $2.75; 
from the upper tunnel, $3.07 to $3.75; from the Peacock claim, $5 to $6. The aver- 
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age copper content is said to be from 3i to 5 per cent. It is interesting to note that 
a small belt of white limestone is exposed between the upper and the lower tunnel. 

It is much to be regretted that our limited time prevenU^d the study of these 
interesting deposits in greater detail. The ore bodies are larger than an\^ which we 
visited, and enough excavating has been done to show something of their character. 
Whatever subsequent developments may show in regard to the richer leads on this 
property, enough has been done to prove the existence of large bodies of low-grade 
mineral. As the gangue is very largely magnetite, it ought not to be difficult to find 
a method of concentration which will give a good shipping ore. In the opinion of 
the writer the magnetite is, however, a result of chemical action which has taken 
place near the surface and probably diminishes in depth. It seems not improbable 
that in these magnetite- bearing deposits a part of the copper has leached out, and the 
evidence points toward the conclusion that there will be an increase in copper values 
at greater depths. In this connection it is interesting to note that films of native 
copper are often found along the joint planes of the magnetite- bearing rock. 

Big Six claims, — These are located about a mile west of Grindall, in the south- 
ern part of the peninsula. The developments consist of a few cuts, which were 
filled with water at the time of our visit. At the principal cut the strike of the 
vein is about east and west, the dip 70^ S. The ore occurs at the contact of green- 
stone and a nmch altered limestone. The mineralization follows the limestone 
rather than the greenstone. The greenstone forms the foot wall, and this limit is 
well defined by a fault plane. On the hanging wall the ore grades into the lime- 
stone. The ore bodv is a mineralized zone rather than a vein, but no idea wa« 
gained of its dimensions. The greenstones occur on both sides of the limestone 
belt. The ore is copper pyrite, w ith native copper occurring in films along joint 
planes. One hundred feet to the west of this crosscut is a small test pit about 15 
feet square. The occurrence is similar in character to the first, consisting of copper 
and iron pyrite with calcite and cjuartz gangue. Five hundred feet to the west is 
another small crosscut which exposes a contact of a ferruginous and a feldspathic 
rock, all deeply weathered. The contact seems to be a fault plane, which strikes 
about east and west and dips 80^ S. The ferruginous rock is a dark i)orphyry with 
iron developed along the seams. Microscopic examination of the feldspathic rock 
suggests that it is probabU' an altered pegmatite. The mineralized zone is about 20 
feet wide and is said to have been traced for half a mile to the west of the pit. 

Caclielot cla!nt, — This is located about I mile north of Grindall, near Clarence 
Strait. The development consists of an opcMi cut 10 feet deep. The vein, which is 
about 12 inches at the surface, widens to 2^ to ',\ feet at 10 feet below the surface. The 
vein seems to be faulted at tlie bottom of the pit, and is slickensided. Th(^ hanging 
wall strikes east and west and dips 70^ N. The vein sends offshoots into both the 
hanging and the foot wall. The country rock is a diorite, nuich sheared and jointed. 
Epidote is developed along these shear zones. A small diabase dike cuts the diorite 
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and seems to have been intruded previous to the ore. The ore is copper pyrite with 
quartz ^ngue, and is said to carry gold values. A specimen taken more or less at 
random gave 0.41 ounce in silver and 0.14 ounce in gold. 

ToUtai Bay. — Tolstoi Bay lies north of Kasaan Bay and marks the northern 
limit of the Kasaan Peninsula. A number of claims have been staked in its vicinitv, 
but at only one has much development been done. The country rock is of green- 
stone, similar to that forming the southern part of the peninsula. The ores are 
copper, probably similar to those which have been described. Tolstoi Bay offers a 
fair anchorage, but as yet there is no settlement on the bay except a small cabin on 
the eastern shore. 

The Iron Cap is a group of claims lying adjacent to and east of Tolstoi Bay. 
The country rock is greenstone with some limestone belts. The developments have 
been chiefly with diamond drill, but we were unable to get the records of these investi- 
gations. About a half mile from the beach is an open cut showing a mass of copper 
pyrite and magnetite scattered through a greenstone. The greenstone is jointed and 
epidote is developed along the f rac»ture planes. The dei)osit includes copper pyrite, 
magnetite, and bornite, with considemble epidote as gangue. It was close to this 
outcrop that the diamond-drill borings were ])eing made at the time of our visit. A 
number of similar occurrences of copper-pyrite ore have l)een found irregularly 
distributed through this group of claims. The drillings have extended to a depth 
of several hundred feet, and vet do not seem to have reached below the zone of 
alteration. A drill core shown the writer consisted of a hard greenstone rock, and 
carried epidote similar in character t<^) that at the surface, except that it was not 
porphyritic. As far as could l)e told from limited exposures, the occurrence is 
similar to that of the Mount Andrew property. Since our visit it is reported that 
a shaft has been started. 

HETTA INLKT. 

General dexcriptloh, — Hetta Inlet (see PI. II) is a deep embayment in the 
southwestern coast of Prince of Wales Island, which connects with the Pacific 
Ocean through Cordova Bay. The inlet has not be(»n surveyed, and the accompany- 
ing map is simply a sketch and nmst contain many inaccuracies. The head of the 
inlet is separated by a 200- foot divide from the West Arm of Cholmondeley Sound. 
A trail across this divide is a link in the mail route to Coi)pi^rmount and Sulzer. 
Freight is delivered by small ste^imei's from Ketchikan, and also by Puget Sound 
vessels, which occjisionally call at the camps along the inlet. The limited time at our 
disiK)sal did not permit us to make an investigation of the mineral dejiosits of the 
west side of Prince of Wales Island. For the sake of comparative study, however, 
a hurried trip was made to Cop|)er Mountain, and such information about the other 
deposits was collected jis could be obtained from prospectors and other persons. 

Like other parts of the coast, the shores are abrupt from the water's edge, and 
the channels and inlets are deep. The slopes of the mountiiins are densely timbered 
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up to au altitude of about 3,000 feet. The higher peaks are somewhat over 3,000 
feet in height. The precipitation is probably a little greater than at Ketchikan, and 
the mean annual temperature is slightly higher. Accessibility, abundant timber, 
and water powers make the conditions on the west side of Prince of Wales especially 
favorable for mining enterprises. 

The white crystalline limestone of the Wales series, striking nearly north and 
south, is the predominant country rock of Hetta Inlet. In it are intruded many 
igneous rocks, some schistose, some massiv^e. The white limestones are closely 
folded and have great variation in dip. The igneous rocks, so far as determined 
from the small collection made, include gabbros, diorites, amphibolites, diabases, 
and pyroxene-syenites. All these are comparatively massive. The greenstone- 
schists, which occupy considerable areas, are chloritic, and their original character 
has not been determined. 

Copper Mountain group, — This property comprises a group of fifteen or twenty 
claims located north of and adjacent to Copper Harbor, a small eastern arm of 
Hetta Inlet. The more important of these claims lie along the crest and north slope 
of a mountain, about 3,300 feet high, whose summit is three-fourths of a mile 
distant from the north side of the harbor. A gravity cable tramway connects the top 
of the mountain and the more important workings with the wharf on the north shore 
of Copper Harbor. Near the wharf are a sawmill and a number of substantial 
buildings. A part of thp excellent water power which is on the property is being 
utilized for running the sawmill. 

The developments have })een chiefly made on a claim located at the crest line. 
Here there is an open cut, a})out 40 feet deep, which follows a copper vein. About 
1,000 feet below there is an old tunnel, which was, however, located without nmch 
judgment and failed to reach the ore body. There are a number of small cuts and 
drifts in the various claims which make up this group. 

At the New York claim, on top of the mountain, there is a copper vein varying 
from a few feet to 30 feet in width. Since our visit this vein has been reached by a 
tunnel 60 feet below the cut. In this tunnel the ore persists in width, and is made 
up of copper carbonates, with some nodules of sulphides. The strike of this vein 
is N. 54*^ E., and the dip is nearly vertical, probably about 85^ E. This vein 
is said to have been traced nearly to the shore litie of the bay by a zone carrying 
chalcopyrite. The hanging wall is an igneous rock, made up of orthoclase, pyroxene, 
hornblende, and some plagioclase, and is provisionally classed as an augite-syenite. 
The foot wall is a white crystalline limestone*. The relation of the igneous rock to 
the limestone seems to be one* of intrusion. Near the contact the limestone is 
considerably altered. The vein is well defined, but sends offshoots into the limestone 
foot wall, and includes some limestotie horses. The ore at this point is for the most 
part malachite, with some azurite. The gangue is siliceous, with much calcite. 
The material which was being mined was almost pure ore, with a very little gangue. 
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The shipments from this open cut are sjiid to have n^^tted $(>(> to IflOO a ton. It is 
reported that the shipping gi'ades of ores \'ield 20 jx^r cent and upward of copper 
and carry considerable values in gold and silver." Much of the ore that was being 
mined at the time of our visit must run much higher than 20 ptT cent in copper. 

The igneous rock which constitutes th(» hanging wall at the above-desc^ribed ore 
body fonns a cousidera])le mass, ()0() or 700 feet in width, to the northeast of which 
is another limestone ))elt, also metamoq)hic at the contact, containing a second 
zone of mineralization. This zone affects a l>elt of limestone pi*obal>ly 100 or 200 
feet in width. Within it the limestones are in places entirely recrystallized and 
carry copper pyrite and bornite. An open cut on the mountain crest reveals an 
exposure of ore and country rock al)out 50 feet in width and 50 feet in depth. This 
cut is near the boundary of the Indiana and Oregon claims of this group and about 
1,000 feet east of the first cut. On the face ore is seen, occurring in irregular 
bunches, in a zone with considerable honeycombed vein quartz. Horses of limestone 
are plentiful. While the zone is mineralized jis a whole, the individual veins seem 
to cut across the bedding planes of the limestone. The division planes between the 
hoi'ses of limestone and the ore are well defined. The ore is chieflj' chalcopyrite and 
bornite. This zone of mineralization is said to have ))een tmced through four claims 
to the east. 

There is a small cut on the Indiana claim, 200 feet below the crest and on the 
east slope of the mountain, which seems to be in the extension of the second or 
northern mineralized zone. As far as could ))e determined from the limited expo- 
sures, this localitv is near the contact of the svenite and limestone. The cut shows a 
metamorphosed limestone which is very siliceous, carrying chalcopyrite and bornit4\ 
The gold values in this ore are said to run from $8 to $10. 

Close by, on the Oregon claim, a small cut has been made which at the time of 
our visit was tilled in. It is said to have exposed a vein of ore 2 feet in thickness. 
The dump shows copper pyrite associated with limestone. This ore occurs near the 
contact of a diabase and crvstalline limestone. 

The examination of the Copper Mountiiin n^gion wjis limit(Hl to one day, and 
the conclusions pn^sentcnl nuist thi^refore l)e regarded a,s provisional. The country 
rock is a white crystalline* limestone which is cut by an intrusivi* mass provisionally 
classed as a p\- roxene-syenite, and on both sides of this intrusion mineralization has 
taken place. The zone on the northeastern side of the intrusive is the wider, but 
the ore in it seems to be mon^ disseminated. The northwestern zone is better 
defined and seems to be richer. Tii(\s(» dej)osits nuist be regjirded as contact 
phenomena. The ores which have hcMMi reiichiMl in the shallow mine workings are 
mostly copper carbonates, with some bundles of c()pp<»r sulphides. The evidehce 
j>oints toward the conclusion that the ore bodi(\s will continue in depth, but 
how d(»ep th(* carbonates will go it is impossible to foretell, and it is the ))(»lief of 

«» Min. Sci. Press, September 7, 1901, \k 100. 
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the writer that speculations in this matter are idle. In better developed regions 
the lower limit of the carbonate ores hiis been determined by mining operations, but 
at Copper Mountain no such criteria are available. Many of the mining experts 
who have visited the Copper Mountain property have been ready to express definite 
opinions as to these depths, but these gentlemen must have had sources of information 
which were not open to the writer during his hast}' visit. The writer, therefore, 
while not desiring to prophesy in regard to the depths of the carbonates, would call 
attention to three important facts. First, the topographic |X)sition of the ore body 
is most favorable for a downward extension of the carbonate ore; second, the 
humidity of the climate is also favorable for this; third, the presence of considerable 
sulphide ore near the surface, on the other hand, would seem to indicate that the 
alteration has not been very complete, and that it may not extend to any great depth. 

Millar Brothers^ claim, — This claim is said to lie north of Copper Bay. It is 
reported to consist of a large body of rather low-gmde copper and gold ore. 

Jumho claim, — This claim lies north of Copper Mountain and about 2 miles east 
from Hetta Inlet, with which it is connected by trail. The occurrence is believed to 
be an extension of the Copper Mountain ore bod}^ from which it is distant less than 
half a mile. 

Beaver claim, — This claim is said to be located a mile from Hetta Inlet, on the 
north side, near Sulzer. It is said to carry gold and copper values. Sulzer is a post- 
office and steamboat landing about B miles below the head of the inlet. 

Green MonMer cUiiiu, — This lies about halfway between Copper Harbor and 
Cholmondeley Sound. It is connected with Copper City by a trail 5 or 6 miles long. 
Considerable development is going on, and values are reported to run from 1^8 to 
$10 in gold and from 30 to 40 per cent in copper. 

UNUK RIVER. « 

Unuk River is a stream of considerable size, which rises well back in the Coast 
Range and flows into Burroughs Bay with a southwesterly course. In the lower 10 
miles of its course the I'^nuk Itiver is said to traverse the belt of granite which makes 
up the Coast Range. Above the granite the country rock is said to be slates, with a 
few thin limestone l)eds and intercalated masses of intrusive granite. The descrip- 
tion suggests that these beds l>elong to the Ketchikan series. The strike of the rocks 
is northwest and southeast. 

Placer gold was reported on the Unuk River during the Cassiar excitement in 
the early seventies, but it received little attention. It is onh^ during the last few 
years — since the Ketchikan district has come into prominence — that prospectors 
again turned their attention to this region. These placers are said to ])e about 40 
miles from the coast, and hence in British Columbia, but probably He close to the 
international boundary. The gravels are reported to be very heavy. Rich gold- 

a It ha« been thought best to compile the most truHtworthy information available about thuHe part« of the Ketchikan 
district that were not visited by the party. 
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bearing quartz veins are said to have been found in the vicinity of Sulphur Creek. 
During the summer of 1901 a company made use of a small stamp mill to test the 
quartz veins. The tests seem to have been satisfac»tory, as the same company is now 
installing a more elaborate mining and milling equipment. 

The supplies are taken to the head of Burroughs Bay by steamer, and there 
transported up the river to Sulphur (.-reek in S(*ows. Th(»re are said to l>e three 
canyons on the Unuk River )>elow Sulphur C^reek, which are formed by lava flows, 
through which the river has (uit its course. 

BOC^A I)K QrADRA. 

This channel reach(\s al>out 80 or 40 miles inland and has many divergent chan- 
nels. Its upper course must lie largel\' within the granite belt.. Sulphide deposits 
have been reported from near its nioutii, and workal>le gold placers on one of its 
confluent channels. 

PORTLAND CANAL. 

Portland Canal is a long, deep w^aterwa}' which runs al)out 10(^ mile^ inland rom 
the eastern end of Dixon Entrance and marks the international l)oundarv. At its 
southern end Wales and Pearsi* islands })reiik it into two divergent channels. Its 
shores are rocky and abrupt, and the neighlx)ring mountains rise to heights of 2,0(X) 
to 7,000 feet. 

Almost nothing is known of the geology of the region, but it is probable that 
much of the canal lies in the gmnite Ix^lt of the Coast l{ang(\ A little prosjXM^ting 
has been done, but nothing of imjx)rttmce hius iK^en reiK)rted on the Alaskan side 
of the boundary. That th** region is ore bearing is shown by the fact that copper 
dejx)sits (chalcoj)yrite) have been found on the Canadian side of Portland Canal, 
on the peninsula which separates it from Observatory Inlet. The country rock in 
which these pyrite deposits occur is said to l)e a mica-schist, and th(^\' hav^e been 
described to the writer as impregnat(»d zones. There is a rumor of the occurrence 
of (^oal near the head of the canal. 

ANNETTK ISLAND. 

Annette Island lies between Duke and Gnivina islands. Its li^ngth is about 18 
miles, extreme width about 10 miles, and an^a approximately 140 square miles. The 
island, whicb is an Indian res(»rvation, is uninhabitiHl (»xcept for the* Indian settlement 
of Metlakatla, on the west side. Th(^ Indians have a thriving village, including 
al>out 500 people, a sawmill, cannery, school, church, and many well-built bouses. 
The story of Metlakatla has l)een told many times, and need not be repeated here. 
Everyone in southea,stern Alaska ow(\s a debt of gnititude to Mr. William Duncan, 
who, through his own unaidcnl efforts, has )>rought thes(» Indians up to a high plane 
of civilization. He has showm what can be don(» by teaching the natives to be 
self-suppoi-ting and self-reliant. 

The shores of Annette Island are rather low compared w ith otiier parts of the 
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region. Its central part is occupied by mountain j^aks, which run to heights of 
2,000 and 3,000 feet. The geology of the island was not studied by the writer, but 
from best accounts it would seem probable that the eastern part is occupied by the 
rocks of the Ketchikan series. Metamorphic limestones have been found on the 
island, and also igneous rocks. The first discoveries of ore in the Ketchikan district 
were made on Annette Island in 1891 or 1892. The deposits are quartz veins 
carrying free gold, pyrites, and silver-bearing tetrahedite, and are said to resemble 
those of the Dolomi region, which suggests that the Wales series may be represented. 
Assays have shown high gold and silver values in some of the ores. There can be 
no doubt that a part of Annette Island at least lies within an ore-bearing zone. 

By act of Congress Annette Island was reserved for the exclusive use of the 
Metlakatla Indian comnmnity. When the act was passed it was supposed that the 
Indians would become an agricultural people and gradually bring the island under 
cultivation. This expectation has not been realized, and their occupation of land is 
confined to 2 or 3 square miles near the village. Under the able guidance of Mr. 
Duncan they have become an industrial people, owning and operating sawmills and 
canneries, and engaging in many other occupations, though not in farming or min- 
ing. They are prohibited by law from developing mines on the island. The Indians 
are not required to remain on the island, but leave it and return to it at their own 
volition. A number have established industrial enterprises in the neighboring 
region, and have thereby fully proved their ability to hold their own in direct com- 
petition with the white man. In fact, the developments of the la8t few years go 
to show that their prosjx^rity is dependent on their coming into commercial rela- 
tions with the white man. Being an industrial conununity, Metlakatla can not 
isolate itself from the rest of Alaska. Among its members are many sturdy, self- 
reliant men, who would be th(» first to n\s(»nt the idea that they needed the fostering 
care of the Federal Government to protect them when they come in touch with the 
white race. 

In view of these facts it would seem only just that a portion of the island, say 
the region lying tributary to Port Chester, be given to the Metlakatla Indians, and 
the remainder of the island, which is not now and never will be used bv the Indians, 
be thrown optm to mining locations. The Indian side of the* controversy which exists 
between them and th(» j)ros|M»ctors has })een ably pn'sented by others, and the writer 
has felt impelled to pn^sent tlu* sidi* of the pros[MM*tors. The latter are represented 
as a body of adv(»nturers, r(»ady to swarm down on this little community, rob the 
Indians of their lands, and t(»ach them the vices of modern civilization. In point 
of fact, many of the prosjx^ctors have lived in the region nearly as long as the 
Indians, who came from British C/olumbia in the eighties. As a class the prospectors 
are honest and industrious, and have the greatest sympath}^ for the good work which 
has been done at Metlakatla. All that they ask is to be allowed to develop such 
portions of the island as are not now and never will be used by the Indians. 
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DUKE ISLAND. 



This is the southernmost of the group of large islands which forms the central * 
part of the Ketchikan district. The position of the island would indicate that the 
bed rock probably l)elongs in the Ketchikan series. Little prospecting has been 
done on the island, (ialena deposits are reported, as are also gold- and sulphide- 
))earing quartz veins. On Marys Island, which lies a short distance to the northeast, 
copper- and iron-sulphide deposits are reported. 



HOl'THERX END PRINCE OF WALBH I8LAND. 



To the south Prince of Wales Island narrows down gradually to Cape Chacon, 
which marks its southernmost point. The coast line is broken by many embayments, 
and the relief is probably lower than in the central part. The geology is unknown, 
but the strike of th*^ beds to the north makes it probable that the region is largely 
occupied by the Wales series. 

Some prospecting has been done, but very slight developments have l)een made. 
Galena deposits are reix)rtc»d from Cape (Chacon, and copper sulphides from Nicholas 
Bay. Mr. F. C. Schrader showed the writi^r some specimens of mineralized vein 
quartz containing pyrite and some galena, which came from the neighborhood of 
Hunter Bay. 

DALL I8LAND. 

Dall Island lies west of Prince of Wales Island. Its coast, which has not been 
charted in detail, is very irregular. The relief is j)robably not over 1,000 or 1,500 
feet. Limestone^s and granite are rejx)rted to oi*cur on the island. Some prospecting 
is said to have been done, but no considerable mining developments have been 
made. The Alaska Industrial Comj^any owns the Mount Vesta group of claims, 
which are said to be located along a contact of limestone and granite. The ore 
body is said to be ver}' large and to carry high values in copjXM*, gold, and silver. 

COAL. 

In the region visited by us coal has l)een found at only one locality, and there 
not in workable (juantity. This locality is adjacent to Coal Bay, an indentation of 
the southern shore of Kasaan Bay. Coal outcrops about a (|uarter of a mile, south 
of Coal Bay, in a creek bottom. The coal is lignitic, of jet-black color, and finely 
foliated; it contains resin and some sulphur. The* vein \is exjmsed is about 8 mches 
thick, and the dip is 5 to 1(> degrees. The floor is a fin(» micaceous and argilla- 
ceous sandstone through which are scattered small fnigments of lignite. A coarser 
green sandstone 4 to 5 feet thick ov(Mlies the coal. The ro<'ks associated with 
the coal are feldsi)athic and of such character that the local origin of their mate- 
rials is suggested. It seems probable, then»fore, that this coal was laid down in 
a local basin with sediments which were derived from the green schists of the 
n(4ghlx)rhood. No other coal exposures were found in this neighborhood, but the 
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soft character of the rocks with which the coal is associated makes it unlikely 
that they would ]>e found except by excavation. It seems improbable that this 
coal has any commercial value. There are also unverified rumoi*s of the occurrence 
of coal on Duke Island and on Portland Canal near the international boundary. 

BUILDING STONE AND LIME. 

Little attention has been paid to the nonmetallic economic products of the Ketchi- 
kan district. These embrace marble, granite, and limestone. Much of the limestone 
of the Wales series has been altered to a finelv crvstalline marble, but much of the 
marble has been so sheared and jointed that it has no value for building purposes. 
At one locality, at least, it ha.s been found sufficiently massive to quarry and has 
been developed on a connnercial scale. An anonymous writer describes the locality 
as follows:'' 

''Kosciusco Island, like* Dall Island, one of the Prince of Wales Archipelago, is 
commonly spoken of as if it were part of the principal island. The settlement of 
Shakan is on Kosciusko Island and not on Prince of Wales Island. At this place 
there is a large sawmill, a halibut and herring fishery plant, a marble quarry, and a 
gold-bearing quartz mine equipped with a stamp mill. This locality has not been 
developed from Ketchikan, but from Wrangell. It has been a port of occasional 
call for Alaska steamers, and is on a local steamer mail route from Wrangell to fish- 
ing stations and Jackson, on the west coast of Prince of Wales Island. The marble 
quarry is being prepared for exploitation on a considerable scale by a Fargo, N. 
Dak., company, for which M. C'ronin is manager. It is less than half a mile from 
the steamer landing. A plant of marble-cutting machinery has been put in place. 
The quality of the rock is claimed to be superior. It is sound, even at the weather 
exposed surface, and is expected to enter the Pacific coast market in competition with 
marble brought from Italy in sailing vessels. The gold-quartz vein, owned by Castle 
& Co., was discoven^d in 1S98. It is a wide vein of low-grade ore, most of the values 
being carried in pyrite."" 

It is probable that when the region has })een examined in greater detail other 
areas of the Wales series will be found which contjiin workable beds of marble. 

The granite of the region, as far as known to the writer, has never been examined 
with reference to its utility as a building stone, and some of it is quite likely to prove 
of corpmercial value. A description of the character and distribution of the various 
granitic types will be found in the discussion of the general geology. The granite 
of the Coast liiinge is often consideral)ly sheared, which would make it less favorable 
for exj)loitation than the isolated stocks where the rock is more massive. In pros- 
pecting for granite it will be desirable to examine those parts of the stocks which are 
farthest away from a contnct with sediuKMitarv beds. Near the contact the granite 
is liable to contain pyrite, which injures its value for building purposes. 

The matter of finding building stones has, in the opinion of the writer, not 
rei'eived adequate attention in southeastern Alaska. The rugged chai*acter of the 

aMIn. Sci. Press, September 7, 1901, p. 99. 
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region and the many waterways are favorable for oj^ening quarries. The glaciation 
has removed the debris and weathered jiortions of the rock. The cheap water trans- 
portation gives access to an excellent market in the States bordering the Pacific, 
where building stone is not at all plentiful. The limestones of the region will some- 
time undoubtedly.be exploited for lime, which would supply the local market, and 
also Puget Sound and other jmrts of the Pacific coast. 

CLIMATE AND TIMBER. 

The conception of Alaska as a region of ice and snow has so strong a hold 
on the popular mind that it is difficult to remove it. The climate of southeastern 
Alaska is characterized by mild wint(»rs, cool suramei's, and abundant rainfall. 
The lowest temperature recorded at Sitka is —3^ F., at Juneau — 4°." The 
highest is 80^ at Sitka and 88^ at Juneau, and these extremes are very excep- 
tional. The precipitation in southeastern Alaska, except at high altitudes, is 
almost entirelv in the form of rain. In the Ketchikan district snow seldom lies 

ft- 

on the ground more than a few hours. There are almost no meteorologic data 
available for the Ketchikan district proper, though records have been kept for 
many years in Sitka. Ketchikan, which lies about 300 miles south of Sitka, is 
somewhat warmer, and probably has a greater precipitation. The following tables 
summarize the meteorologic data available in regard to this region, and make 
comparisons with better-known regions of the world.* 

a A report to Congress on A^culturts of Alaska, Bull. 48, U. S. Department of Agriculture, Office of Experiment 
Stations. 

^Op. ciu, pp. 7 and 8. 
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Average temperaiuren hi southeastern Alaska and other regions. 
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n United States Weather Bureau compilation. 
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Many years ago some records wore kept at Fort Tongjiss. a iiiilitary post of 
the United States, on Tongass Island, at the mouth of Porthmd Canal, in the 
southern part of the Ketchikan district. These have been sunnnarized in the 
following bible and a comparison made with more northerly lying localiti<»s of 
southeastern Alaska: 

}fet4'orolo(/ir ohNrrratiirna in s(nitJinistt'rn Ahtsht. 
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'•Dr. William H. Dull. I'acilic (;<iii.Kt Pilot. Aliiskji. ApiK-ndix I, Mrlcorolojfv ami Hihljjijfraphy. NVH.'<hiiiKt«»n. I.s79. 

^F^n^^th Krport on tlio AKrifiiltural IiivcsliKHlions in Ala>ka, 1900. I>y('. ('. (J<M>rK«'soii, liull. .No. «i|. r. S. fU'pl. of 
.VKri<'»lt., ortice of KxiHTinicnt Stations. OlisiTvatioiis of tcniiK'mtnrc .Ijin.-lHc., isy«». ohscrvationv of itrtM-ipit^ition 
jHn.-<)<'t., lyoo. 

The facts stated show conclusiv4»lv that the climatic conditions in the Ketchikan 

« 

region leave little to Ik* d(»sired for the development of mining <Mitcrprises. While 
the abundant precipitation is mther trying to those who are ac<ustomed to a 
more arid climate, yet this rainfall, though a drawback to the prosp(»ct4)r, does 
not interfere with mining develo[)mcnts. In fact, it is an advantage, as it giv(»s 
ample water. Water powers can be used and all mining operations can be 
continued throughout the year. Except at high altitud(»s there is no snow to 
interfere with trans|K)rtation or excavations. 

Southeastern Alaska is heavily forested up to an altitude of alumt H,(M)0 feet. 
The diameters of the larger trees vary from 8 to 5 feet, though trees with a diameter 
of 6 feet, or even more, are to be found in the K(»tchikan district. H<»mlock is the 
most common si)ecies, but spruce trees are almost as plentiful and of grcniter conuner- 
cial value. Red cedar is common in the K(»tchikan district, and the valual)le vellow 
cedar is also found, but more sparingly. Of the dcniduous trees, only black alder 
and a cottonwood (balsam) are plentiful. At one locality in the Ketchikan district 
a few white birches were observed. The undergrowth in the region is often very 
dense and the ground is heavily carpeted with moss. Those who have occasion to 
penetrate the southeastern Alaskan forests have theii' attention most fre(|uently and 
unpleasantly called to the prickly *' devil's club.'' 

Everywhere in southeastern Alaska, and especially in the Ketchikan district, 
there is an ample supply of timber for all local use, including mining. The spruce, 
while it does not afford a particularly high grade of timber, is extensively used for 
building pui-poses. The hemlock has been k\ss used u^) to th(» present time. The 
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cedar has an export value, but the law permits the cutting of timber on Government 
lands only for local use. 

While it is not within the scope of this report to treat of the agricultural possi- 
bilities of the region, yet it seems worth while to draw attention to the fact that the 
influx of a mining population will undoubtedly lead to agricultural development. On 
Prince of Wales Island two small farms have been cultivated, and, in spite of the 
cheap freights, have successfully competed with the vegetables brought from Puget 
Sound. Both climate and soil are adapted to certain kinds of farming. While the 
topography is such that there are few large arable tmcts, there are untold oppor- 
tunities for the development of small farms and gardens. Those interested in this 
matter are referred to the able reports of Professor ( leorgeson, of the Department of 
Agriculture, who has made a special study of the agricultunil |K)ssibilities of Alaska. 
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A RECONNAISSANCE OF THE NORTHWESTERN PORTION OF SEWARD 

PENINSULA. ALASKA. 



By Arthur J. Collier. 



INTRODUCTION. 

In response to an urgent demand by the public, the Geological Survey, in 1900, 
undertook a topographic and geologic reconnaissance of the southern half of the 
Seward Peninsula/' The area mapped embraced the more important gold fields of 
the peninsula. The topographic map made in 1900 included the dminage of Bering 
Sea from Cape Darby to Port Clarence, the southern drainage of Grantley Harbor 
and Imuruk Basin, and the northern drainage of Norton Sound. A geologic 
reconnaissance was also made of the York mining district and of part of the Kuzitrin 
dminage. 

In view of the northern extension of these gold fields it was deemed desirable 
that the northern part of the peninsula should be investifi^ted, and a party was 
organized for this purpose in 1901. This party, to which the writer was detailed 
as geologist, was placed under the leadership of Mr. T. G. Gerdine, topographer; 
Mr. D. C. Witherspoon acted as assistant topographer, and Ed. Brow^n, Robert 
Baskins, Samuel Conrad, J. G. De Forest, and E. Goodall were engaged as camp 
hands. Twelve horses were provided for the transportation of the camp outfit 
in the field. It was thought that a part}' thus organized and equipped would be 
able to cover a larger area than an}' one party of the previous season, when 
canoeii and men were used for transportation. This expectation was realized, 
although a backward and unusually stormy season made the work difiicult and 
prevented the accomplishment of the entire plan,* which contemplated the comple- 
tion of the surve}' of the peninsula. 

aSce rroliminary ReiK>rt on the ('ape Nome Gold ReRion. Alaska, by F. C. S<rhrader and Alfred H. BnwkH: U.S.Geol. 
Survey, 1900. Also Reconnaissawes in the Cupe Nome and Norton Bay Region.s. Alaska, in 1900, by Alfred H. Brooks, 
George B. Richardson, Arthur J. Collier, and Walter C. Mendenhall: V. S. Geol. Survey. 1901. 

6 The average tempeniture as observed in 1901 was U° in July, 43i° in AuKUst, and 40° in September. The mean 
temperature at Port Clarence. a.s obtained from observations covering four years, is 51° for July. 49° for AuRUfit, 41° 
for September. The number of niiny days in .luly, Aujfust. and September. 1901. a.s observed by the United States 
Qeological Survey party, was 3i\. The mean number of rainy days at Fort Clarence for these months is 29. Cf. 
"Climatic not«»" In Kecounaissances in the Cape Nome and Norton Bay Retfions, Alaska, in 1900. 
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8 RECONNAISSANCE OF NORTHWESTERN PORTION OF SEWARD PENINSULA. 

The party assembled in Seattle and on May 30 embarked on the steamship 
Senator^ bound for Nome and Port Clarence. On June 9 the Aleutian Islands 
were passed, and about midnight of that day floe ice was encountered in Bering 
Sea. Several attempts were made to navigate through the ice, but it was found 
impossible, and for six days the ship lay to in the vicinity of St. Paul Island 
surrounded by the ice pack. 

The ship finally dropped anchor at Nome on June 16. It was the first of the 
fleet of large steamers to arrive, and it was almost immediately surrounded by a 
multitude of small boats from the shore, crowded with men who had spent the long 
winter in the Arctic region and were anxious to greet the new arrivals from the 
outside world. The winter of 1900-01 had been an unusually severe one, and had 
begun to break onlv a few davs before our arrival. There were still snow drifts 
in the streets of Nome and blocks of ice along the shore, while the hills back of 
the town were yet white with snow. As Port Clarence was still frozen in, the 
steamer could not make a landing there, and as it was impossible to travel overland 
with horses, owing to the ice in the creek beds and to the absence of grass or 
other forage, it was decided to land the outfit at Nome, which was accomplished 
on June 20. 

Five days later the party started from Nome for Port Clarence; two men 
went by land with the horses and the remainder in a whaleboat with most of the 
supplies. Stormy weather delayed the boat, so that the entire party was not 
assembed in Teller until July 12. At this point work was begun. The signals 
erected the year before by the Coast and Geodetic Survey were repaired and 
used as a base for the control of the topographic work. The party left Teller 
on July 14 and moved westward along the coast toward Cape York. Progress 
was slow, owing to rainy and foggy weather, which greatly interfered with the 
work of both the topographers and the geologist, and to the necessity of carrying 
a supply of grain for the horses, the grass being very poor. A week later the 
larger section of the party had to be sent back from the forks of the Don River 
for more horse feed. The remainder spent the time in exploring and mapping 
the southern face of the York Mountains and the head of the Don River. 

On July 24 Mr. Gerdine, Mr. Witherspoon, and the writer, with two men and a 
light camp outfit carried on three horses, left the main party, which was instructed 
to move northward by double-tripping with the heavier part of the supplies, and 
proceeded around the north side of the York Mountains to the head of the Anikovik 
River in the York mining district. From this point Mr. Gerdine went northward to 
the main camp near the forks of the Mint River, while Mr. Witherspoon and the 
writer spent several days in mapping the western border of the York Mountains. 
During the season of 1900 Mr. Alfred H. Brooks had spent a few days in this region, 
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focit. Maryn Igloo wa.s reached on September 3. This place, the former winter 
home of a well-known Kskimo woman, is at the head of steamboat navigation on the 
Kuzitrin lliver, and has within a year or two l)ecome a settlement of some impor- 
tiinee. Here the stock of provisions was replenished from supplies shipped to this 
l)oint from Nome and kept in stomge by Mr. A. D. Nash, who was doing a general 
freighting business on the Kuzitrin River. The horses here mpidl}^ recuperated 
from the privations of the long trip, as fomge was abundant. At Marys Igloo the 
jmrty was again divided, Mr. Witherspoon with two men going westward to map 
the lower Iwisin of the Agiapuk and to return to Nome by way of Teller and the 
lHMi(*h, while the remainder of the i>arty made a hasty trip northward. 

Mr. Witherspoon's party successfully crossed the Agiapuk River at a point where 
itii broad alluvial Iwisin narrowed down between low bluflFs, examined the mines on 
AUene C'rtH»k, and arrived at Nome about Septeml:)er 23, having accomplished its 
task. 

The n^nainder of the j^rty proceeded up the Kuzitrin River to Lanes Landing, 
whert^ thei*e is. a small settlement, and thence took the wagon road to Quartz Creek. 
Near this iK)int a halt of two days was made to examine the placers in the vicinity 
and to oeinipy Coffee Dome, a low mountain which is one of the prominent 
landmarks of the Kugruk district. Thence the party pi-oceeded northward to the 
junction of Windy Creek with the Kugruk River and up the Kugruk River to the 
mouth of Taylor Otn^k, making a side trip to the sunmiit of Baldy Mountain. On 
St^ptemln^r 14 aunp was miule alwut 8 miles from Midnight Mountain on Schlitz 
t^rtH^k^ tributary to Shishmaref Inlet Here, during a halt of two days, the writer, 
with Mr. Vh Fonvst, visited the hot springs, alK)ut 7 miles to the north; and Mr. 
(leixUne ^xvupiinl Midnight Mountain, which commands a view of the whole 
northern ctHist of the peninsula from Ear Mountain to Goodhope Bay. On 
S^ptemln^r 17 the j>arty pnHHHHltHl southward bv a long march to the North Fork of 
the Kugruk, crt\ss\ng Taylor and Harris creeks. Here a halt of one day was made 
while the writer visiteii the mines on Boulder Creek, about 8 miles to the south. 
On St^ptemlH^r U^ the i^mp outtit \i*as sent by way of Baldy Mountain and Dahl 
Ciwk to I«ani\^ Ijaiuling. The plan whs for Mr. Gerdine and the writer to eecure 
si>me kind of trHns{x>rtation down the Noxapagn and Kuzitrin rivers, and thas to 
iHMuplete the mapping of tlu>se rivers, and then to rejoin the party at IjSLnes 
landing. After a delay of thnn* days at Noxapaga, during which time hasty 
trijvi wen> made to liartield Cnvk and to the inigi* of some la\-H beds on the 
Kuxitrin, transix>rtation was s^vunnl down the river thnnigh the courtesy of Mr. 
A» n» Nash, and during the journey the numenms bends were mapped. On 
A^ptemU^r ^."^ at II p, nu, l«anes landing was niched, o\-er liX> miles by river 
having Un^n travors>e\i to gain an air- line distance of alxHit 2o miles. Here the rest 
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14 RECONNAISSANCE OF NOBTHWESTERN PORTION OF SEWARD PENINSULA. 

as coastal plains and as inland basins, and are built up from gravels derived from 
the upland portion. 

The central upland portion is characterized by broad benches and flat-topped 
hills, representing remnants of uplifted and dissected plains. The maximum eleva- 
tion in the northern portion of the peninsula is found in Brooks Mountain at 
2,900 feet. 

These features will be further discussed under physiography. Some small 
mountain masses and isolated buttes, with relief of from 500 to 1,500 feet, are 
scattered over the upland plateaus with no definite system of arrangement. In most 
instances these represent harder members of the bed rock, which have resisted 
erosion. The York Mountains, covering an area of about 100 square miles, are 
a rugged mountain mass, attaining at their highest {X)int, in Brooks Mountain, an 
elevation of 2,900 feet; while the buttes are represented by Mukachami, Cape 

Mountain, Cone Hill, Ear Mountain, Midnight Mountain, and others, all of which 

■ 

will be considered in more detail in other parts of this report. 

Between the drainage basins of the Agiapuk and Kugruk rivers a series of 
high hills and ridges bearing in a north-south direction culminates in Kugruk 
Mountain, which has an elevation of 2,767 feet. 

GENERAIi GEOIX)GY. 

OUTLINE. 

The areal distribution of the various formations and their stratigraphic 
relations are indicted on the accompanying geologic map and section (PI. III). As 
the map embraces an area of nearly 4:,000 square miles, and as only seventy days 
were spent in the field work, and most of these were stormv, the conclusions 
reached nmst be regarded as onl}" tentative and the boundaries indicated as only 
approximate. The scarcity of outcrops in some parts of the region added to the 
difliculties of the work. The classification of the stratigmphic succession in 
general is the same as that adopted by Mr. Brooks'* in 1900. It has l>oen 
possible, however, because of the additional stnitigraphic and paleontologic 
evidence obtained, to subdivide the terranes which were grouped together by 
Brooks under the name Nome series. The following ta))le shows the strati- 
graphic eijuivalents of the various subdivisions made b}^ Brooks, Meudenhall,* 
and the writer: 



» Rcconimiswinces In Capo Nome and Norton Bay Regions, Alaska, In 19(X), pp. 27-31. 
ft Idem, pp. 27-31, lW-207. 
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as coastal plains and as inland basins, and are built up from gravels derived from 
the upland portion. 

The central upland portion is characterized by broad benches and flat-topped 
hills, representing remnants of uplifted and dissected plains. The maximum eleva- 
tion in the northern portion of the peninsula is found in Brooks Mountain at 
2,900 feet. 

These features will be further discussed under physiography. Some small 
mountain masses and isolated buttes, with relief of from 500 to 1,500 feet, are 
scattered over the upland plateaus with no definite system of arrangement. In most 
instances these represent harder members of the bed rock, which have resisted 
erosion. The York Mountains, covering an area of about 100 square miles, are 
a rugged mountain mass, attaining at their highest point, in Brooks Mountain, an 
elevation of 2,900 feet; while the buttes are represented by Mukacharni, Cape 
Mountain, Cone Hill, Ear Mountain, Midnight Mountain, and others, all of which 
will be considered in more detail in other parts of this report. 

Between the drainage basins of the Agiapuk and Kugruk rivers a series of 
high hills and ridges bearing in a north-south direction culminates in Kugruk 
Mountain, which has an elevation of 2,767 feet. 

GEXERAT^ GEOIiOGY. 

OUTLINE. 

The areal distribution of the various formations and their stratigraphic 
relations are indicated on the accompanying geologic map and section (PI. III). As 
the map embraces an area of nearly 4:,000 square miles, and as only seventy days 
were spent in the field work, and most of these were stormy, the conclusions 
reached must be regarded as onl}- tentative and the boundaries indicated as only 
approximate. The sciircity of outcrops in some parts of the region added to the 
difliculties of the work. The classification of the stratigraphic succession in 
general is the same as that adopted by Mr. Brooks'* in 1900. It has been 
possi})le, however, because of the additional stratigraphic and paleontologio 
evidence obtained, to subdivide the terranes which were grouped together by 
Brooks under the name Nome series. The following table shows the stmti- 
graphi(* e(|uivalents of the various subdivisions made by Brooks, Mendenhall,* 
and the writer: 



" Reconiiiii.HMaiiccN in Cape Nome and Norton Bay Regions, Alaska, in 1900, pp. 27-31. 
ft Idem, pp. 27-31, 199-207. 
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The above table shows that four subdivisions have been made of the sedimentary 
bed rocks of the northern portion of th(» Seward IVninsula. The Kigluaik series 
is the oldest, and is made up of white crvstalline limestones and mica-sehists. 
Succeeding this, apparently conformably, is the Kuzitrin series, made up of 
arenaceous and argillaceous sediments. These two series are identical with those 
described by Brooks. The Kuzitrin s(»ries is ov(»rhiin bv the Nome series, 
probably unconformably, as suggested ))v Brooks. The Nome series has been 
here subdivided into two conformabh' groups, the lower named the Port Clarence 
9415— No, 2-02 2 
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limestone and the upper called the Kugruk group. The Port Clarence limestone, 
which is blue and almost unaltered, was found to contain Lower Silurian fossils. 
The Kugruk group is made up of limestones and calcareous beds, with some 
argillites, which are locally considerably altered. The unconsolidated sediments 
which have been assigned to the Pleistocene include sands, gravels, and alluvium, 
and need no special mention here. 

Three classes of igneous rocks have been recognized in the region and indicated 
on the map. The oldest are intrusives of various types, which are usually schistose, 
and these have been grouped together under the field term greenstone. The 
granites form a second group, and probably represent Mesozoic intrusions. These 
two classes were recognized by Brooks, but the third, which comprises Pleistocene 
lavas, was not represented in the region mapped in 11)01. 

In the northern part of the peninsula the earliest crustal movements produced 
a series of folds whose axes run approximately north and south. This deforma- 
tion probably took place in Paleozoic times, and was accompanied by extensive 
intrusions of greenstone. A later period of disturbance, probably during the 
Mesozoic, produced folds whose axes an*, tnmsverse to the earlier system. This 
was accompanied by the intrusion of some large masses of granite. 

STRATIGRAPHIC SUCCESSION. 
KKJLUAIK SERIES. 

The Kigluaik series was named and de.scril)ed in the i-eport cited, and the 
investigations made by the writer have not added much information concerning it. 
Its tvp<^. section is in the Kigluaik Mountains, where it consists of white crystalline 
limestones with some interbedded mica-schists. This series occupies a (considerable 
lielt in the southeastern part of the areii under considemtion, where it, together 
with the associated granite, forms the main mass of the Bendelel>en Mountains. 
On the eastern flank of Cape Mountain, near CajHi Prince of Wales, it is again 
exposed by the erosion of an anticlinal fold. This occurrence was not examined 
by the writer, but was described by Mr. Brooks as a belt of crystalline limestone, 
often beautifully banded and containing intercalated bt^ds of mica-schist, and 
intruded by a large gi'anite liatholith. This limestone is the oldest rock in the 
York region, and it and the granite of Cape Mountain have the same relation 
as the limestones and gninites in the Kigluaik Mountaiins. It was therefore 
tentativel}' correlated by Mr. Brooks with the Kigluaik series. 

KUZITRIN SERIES. 

The type rock of this series is a graphitic (|uartzite, or cjuartz-schist, sometimes 
passing into a graphitic flag, or even a slate. The Kuzitrin series forms a well- 
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defined stratigraphic unit, which is recognized and named in the previous report. 
The relation of these rocks to the underlying Kigluaik series was not definitely 
established, but such evidence as there is indicates that they are conformable. 
On the south side of the Kigluaik Mountains they were found standing at a 
high angle and forming a belt 1 to 2 miles wide flanking the mountains. At 
this place the thickness of the series was estimated at approximately 2,000 feet. 

Two considerable belts and a number of small areas of these rocks have 
been identified in the northern part of the peninsula. The southern belt, extend- 
ing eastward from Port Clarence to the Kugruk River, forms a part of the 
northern limit of the great anticlinal uplift of the Kigluaik and Bendeleben 
mountains. On the accompanying map it is interiTipted by the Pleistocene 
deposits, and by unmapped areas which have not been colored. 

The slates which are found covering a large area in the vicinity of York 
are less highly metamorphosed than those in the above localities, but on strati- 
graphic and Hthologic grounds they were tentatively correlated with the Kuzitrin 
series.^ All the evidence collected during the season of 1901 tends to confirm 
that opinion. 

The Kuzitrin series is exposed in three other smaller areas, where it is 
associated with granitic intrusions, and probably occurs in dome-shaped uplifts 
accompanied by more or less faulting. These areas were not examined in detail, 
and it seems possible that beds belonging to the underl3'ing Kigluaik series may 
be exposed in the central portions of the domes. In the Kuzitrin series of the 
York region there are a number of intrusive masses of greenstone, believed to 
be altered gabbros, apparently occurring as dikes and sills. Similar rocks, though 
of a more diabasic character, were found in the Bluestone region southeast of 
Port Clarence, and in general it can be said that greenstone intrusives are not 
uncommon in the Kuzitrin series. 

It will be shown below that the succeeding beds, which are Lower Ordivician, 
probably bear an unconformable relation to the Kuzitrin series. This would make 
the Kigluaik and the Kuzitrin series Cambrian or pre-Cambriaii. 

NOME SERIES. 

lntro(ln<ithm. — In the report of 1900 a great thickness of limestones, graphitic 
and calcareous schists, with some intrusive greenstones and chloritic schists of 
undetermined origin, were grouped together under the name Nome series.* The 
stratigraphic relation of the Nome series to the underlying Kuzitrin series has not 
been definitely established, though from the evidence collected in 1900 on the south 

« Reconnaissances in tlic Ca|>c Nome and Norton Bay Kogions, Ahwska. in 1900, y. '29, 
6 Ibid. 
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slope of the Kigluaik Mountains, near the head of the Knizgamepa, it appears to be 
one of unconformity. In the York region, as will be shown, a similar relation of 
the two series seems to obtain. Where originally described, in the southern part 
of the peninsula^ the Imsal memlKM* of the Nome series is a flagg}" limestone or 
calcareous schist, probably less than 1,000 feet in thickness. AlK)ve this terrane a 
few hundred feet of gmphitic limestones and phyllites wore found, succeeded l)y 
heavily l>edded limestones aggregating 1,<K)0 or 2,()00 feet in thickness. The upper 
part of the Nome series, of which no measure of thickne^w was obtained, is 
made up of thin-bedded limestones, calcareous schists, and mica-schists. A few 
fragmentary fossils were found in the lower part of the series, which were 
determined as Ordovician. It was recognized by Brooks", and his ajs^sociates that 
the Nome series included terranes of widely diiferent ages, but the character of the 
iield work did not permit of any subdivisions at that time. Attention was called to 
the large number of greenstones occurring in the series, and also to the comparatively 
local character of its metamorphism. The investigation of the last season has 
enabled the writer to subdivide the Nome series into the Port Clarence limestone 
and the Kugruk group. 

P<yrt Clarence limestone'. — North of Port Clarence the basal member of the 
Nome series was found to be a gray, earthy limestone, which over large areas 
exhibits but little evidence of metamorphism. This limestone occupies a large 
area, including the York Mountains, near the western extremity of the peninsula. 
Within this belt are a few small areas of Kuzitrin rocks which have been exposed 
by dome-like uplifts. 

A short distance north of (imntley Harbor some (|uartz-si^hists which belong 
to the Kuzitrin series ai*e found outcropping near the exposures of the Port 
Clarence limestone. The quartz-schists have steep dips, and are considerably 
indumted, while the Port Clarence limestone consists of blue limestone which has 
been but little altered. There can l)e but little doubt that the relation of the two 
terranes is one of unconformity, the limestone being the younger. 

Along the western margin of the Port Clarence limestone belt the contact 
relations with the Kuzitrin series also point toward un(»onformity. The contact, 
which was traced for several miles, there follows the western face of the York 
Mountains; and while the evidence was not decisive, it all }X)inted toward a 
structural break between the two formations. The arenaceous rocks of the 
Kuzitrin series ak)ng this line of contact are indumted and have a highly developed 
cleavage, while the Port Clarence limestone, which forms the mass of the mountains 
to the east, is little altered and has low dips. The relations are more or less 
obscured by the large intrusion of greenstone which occurs near the contact of 

a BeponnaisRanoen in the (-ape Nome and Norton Bay Regions, Alaska, in 1900. p. 31. 
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About 10 miles east of this locality, and along the east side of the American River 
Basin, the bed rock was found to consist of highly altered limestones and graphite- 
schists and mica-schists, dipping toward the west. These rocks were of the type 
common in the Nome series of the southern half of the peninsula. The strati- 
graphic evidence is not sufficient to justify any conclusions in regard to their 
relations with the Port Clarence limestone. 

Between the head of the Nuluk River and Ear Mountain very few exposures 
of bed rock were seen. The region is to a large extent covered by gravel and 
tundra. Some depressions were seen on the broiul ridge, which indicate limestone 

sinks beneath the gmvel. 

Eiar Mountain consists of rocks which probably belong with the Kuzitrin 

series. The relation of these rocks to the schistose limestones found to the south- 
east of Ear Mountain was not detennined. These latter limestones are highly 
crystalline and often schistose, but are practically homogeneous and represent 
a great thickness of strata. The bedding is often obscured by jointing and 
cleavage. The dips, where they can be determined, are high. Above these 
highly altered limestones there is a bed of graphitic schist, above which the bed 
rock consists of alternating beds of schist and limestone common in the Nome 
series, in which the limestones predominates. If these highly altered limestones 
which lie to the south and east of Ear Mountain are correlated with the Port 
Clarence limestone, then the gniphitic, micaceous, and calcareous schists and 
limestones overlying it })elong to the Kugruk group. 

The age of the Port Clarence limestone was definitely determined by the 
fossils from several localities. These were submitted to Mr. Charles Schuchert, 
of the National Museum, who reports as follows: 

"Loc. 26. July 20. Two miles southw(»st of forks of the Don River. 
PorainhonlUs^ probalily 1\ !nter€ed<ms Pander; Cohnnttarla with large corallites, 
and BythitryjHii; sp. undet. 

'"Loc. 28. July 21. Mountain 4 miles north of Rapid River. IU<enus nes^v 
L tauricoimln but nmch smaller; Illi^nw^ sp. undet.; and a lithistid sponge on the 
order of Cnlathluni, 

*'Loc. 45. July 23-24. Don River 4 miles north of Tozier Creek. 
Madnrina. probably M, nmnttdlxuHh Whiteaves; Cohnnnana with small corralites; 
Ilahjs'des cntenuhirta Linne; Syrln(foj>ora sp. undet.; Streptel-a^maf; and an unde- 
termined Loj>/implra. 

"Loc. 77. August 1>. Blutf above Nuluk River, latitude 65^ 41', longitude 
lOG'-" 20'. Orthiis^ pro))abl3' O, parm of European Russia. 

" Loc. 7S. August 10. Foot of talus slope, Nuluk River. A large section 
of an undetermined gasteropod. 

'•Lo<\ 7fl. August 10. Bowlder from gi-avel of Nuluk River. Fmgments 
of a large trilobite. ITndetenninable. 
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*• Lo<'ality 168 indicates a second fonnation younger than any of the above- 
described lots. The rock has undergone considerable alteration, so that the fossils 
are mostly undetenninable. However, the presence of a coral like Cladopora or 
Striatopora indicates either Upper Silurian or Devonian. No coral of this nature is 
known to me in the Lower Silurian." 

This evidence, as far as it goes, shows that the group is in part of Upper 
Silurian or of Devonian age. As the Kugruk group in(*iudes all of that portion of 
the Nome series as originally defined which lies above the Port Clarence limestone, 
it may be in part Mesozoic, for in the earlier re[)ort evidence is presented which 
goes to show that the upper beds of the Nome series are in part. Mesozoic. ** No 
additional facts bearing on this ix)int were observed during last season's work. 

The rocks which make up the Kugruk group are, as a rule, more altered than 
the Port Clarence limestone, which is believed to be the older formation. This 
anomaly is rather difficult to explain, but c^n perhaps be assigned to the progressive 
increase in degree of metamorphism which is found in passing from west to east in 
this province. In the York Mountains the strata are usually only gently folded 
and little indurated, while to the east of the American River, where the Kugruk 
beds are developed, the dips are often steep and the rocks considerably altered. As 
a concomitant to the more disturbed condition in the eastern province the greenstone 
intrusives are more abundant and have themselves produced moi'e or le^ss meta- 
morphism. These facts bear out the statement made in the previous report,* that 
in the Seward Peninsula the forces which produced metamorphism acted very 
locally. 

As the limited field work done in the region did not permit of working out the 
structure of the Kugruk rocks in detail, it has been thought best to add the following 
more or less detailed but fragmentary descriptions. 

On the east side of the American River, Budd and Igloo creeks cut across the 
strike of a series of limestones interbedded with graphitic and calcareous schists, 
with some small sills of greenstone. The dips measured vary from horizontal to 
70^. The topography is deteraiined by the bed-ro<»,k structure, the principal 
feiitures being a series of north-south ridges parallel to the prevailing strikes. 
Between the drainage basins of the American and Kugruk rivers these strike 
ridges form a sharp divide. Kugruk Mountain, at the northern end of this divide, 
is composed of a great thickness of highly metamorphosed quartz-mica-schist, prob- 
ably an altered sediment. It is surrounded by crystalline limestones, which on the 
west side dip toward the west, away from the axis of the ridge. In this mountain 
th(» bedding is wholly obscured by the secondary foliation or schistosity. The 
limestones at the east base of the mountain were seen onlv from a distance, so that 



♦« RfconnaiwQiiH'irs in the Cape Nome and X(jrton Bay Regions, AlaHka. in 1900, p. 81. 
^Iciem, pp. :M-16. 
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tion, including mica-, graphitic^ and quartz-chlorite-schists. These beds have been 
folded into anticlines and nynclinen with north-south axes. 

In general the Hmestone and schist of the Kugruk group east of the American 
River are more highly altered than the Port Clarence limestone, and consist of 
beds which are variable in their lithologic character, while the Port Clarence 
limestone is nearl}' pure. The Port Clarence limestone is known to be of Lower 
Silurian age, while Upper Silurian or Devonian fossils have been found in the rocks 
of the Kugruk group. 

SURFICIAL DEPOSITS. 
GENERAL DESCRIPTION. 

Unconsolidated material, consisting of gravels, sands, and silts, constitutes 
the most widely distributed terrane of the region. These deposits are as a rule 
plainly stmtified, and while the individual exposures show no plication thej' 
have been subjected to a certain amount of defonnation, as will be shown in 
the discussion of the physiography. A bed of black silt, varying from a few 
inches lo 20 feet in thickness, in many places forms the topmost layer of the 
unconsolidated terrane. Remains of both mammoth and horse have been found in 
this silt, showing it to be of Pleistocene age. As this Pleistocene silt bed and 
the underlying sands and gravels make up a conformable series, the}" are 
probably all of Pleistm'ene age, and have been so represented on the accom- 
panying map. 

On the gex)logic map only the more extensive Pleistocene deposits are shown. 
These are of two types, represented by the coastal plain and the inland basins. 
The largest areas of Pleistocene are found in the Arctic coastal plain, the Port 
Clarence coastal plain, and the inland basins of several of the rivers tributary to 
Port Clarence. 

In general the deposits in these large areas are similar; they consist largely of 
silts and sands, and near the margins often contain considerable gravel. The sand 
dunes and beach deposits can also properly be grouped with the coastal plain 
Pleistocene. 

A third class of surficial deposits consists of the material forming the flood 
plains and benches of the rivers and creeks. These fluvial deposits grade on one 
hand into the coarse gravels of the smaller tributaries, and on the other into the 
finer material which characterizes the Pleistocene beds of the inland basins and 
coastal plains. 

A fourth classj of deposits includes all those on high benches and terraces which 
are not assignable to the action of existing streams. In addition to distinctly 
waterworn material, there are extensive deposits of bowlders, pebbles, and clay. 
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which mantle many of the plateau surfaces, and are in part produced by weather- 
ing, but in many instances include some waterworn material. 

COASTAL PLAIN DEPOSITS. 

Arctic coaj<tal jylah. — This is a broad lowland bordering the Arctic coast from 
Cape Prince of Wales to Cape Espenborg. Along its southern margin it is 
composed of gravels derived from the adjacent l>ed rock. Near the coast the material 
becomes finer, and is made up of beach sand, sand dunes forming an important part 
of the deposits. A series of lagoons fringes the coast, which is separated from the 
Arctic Ocean by barrier Iwaches. Sand dunes are being built on these barrier 
beaches, which are encroaching on the lagoons from the seaward side, and the rivers 
and streimis are filling up the lagoons from the landward side. The southern edge 
of the gravel deposits is sermte, since the gmvels extend up the rivers and creeks 
and merge with the fluvial deposits of the flood plains. Their southern limit can be 
drawn approximately on topographic evidence, since the gravels are seldom found 
above the 200-foot contour. 

The width of the coastal plain varies from about 5 miles near Cape Prince of 
Wales to 30 miles at Shishmaref Inlet. The depth of the Pleistocene deposits is not 
great along the southern edge, but it probably increases toward the coast. On 
the Mint, Nuluk, and Kugruk rivers isolated outcrops of the underlying bed 
rock were seen in the river banks several miles north of the southern edge of 
the gravels. Between the Pinguk and Nuluk rivers an island-like mass of bed rock 
is wholly surrounded by these deposits. South of Ear Mountain the Pleistocene 
extends over the divide between the Kugruk and Arctic rivers, almost cutting off 
the Ear Mountain area of bed rock from the hard formations adjacent on the south. 
In the silts which overlie the gravels and quite generally form the upper layer of 
these deposits mammoth bones are common. Mr. Charles A. Ruddy, who spent a 
part of the season of 1901 on Tuttle Creek, a tributary of the Kugruk, reports that 
they are abundant along that river. One large tusk in the silt, 15 feet below the 
surface, was partly exposed by the river cutting its bank. Mammoth teeth were 
seen by the writer on the Nuluk River, and they are reported to occur on other 
streams of the coastal plain region. 

P(n*t Clarence coastal plain. — This second coastal plain embraces a small 
lowland lying north of Port Clarence. It has a maximum width of about 5 miles, 
and extends from the mouth of the Rapid River to Grantley Harbor, a distance 
of about 24 miles. Along its southern edge the plain has a gravel escarpment 
about 20 feet high. The gravel is composed principally of pebbles derived from 
the Port Clarence limestones. The plain rises gnidually toward the north, and 
along the base of the hills the gravel covering is only a few feet in thickness, 
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and rests on the upturned and truncated edges of Port Clarence limestones. 
Below the gravel esc*arpment, at the southern edge, the present beach has l>een 
formed. The beach is composed of sand and gravel derived from the escarpment. 
A large lagoon cuts it off from the mainland. This beach and lagoon have been 
formed since the elevation of the coastal plain. 

INLAND BASINS. 

There are three extensive lowland basins in the province under consideration, 
which will l)e called the Agiapuk, Inuiruk, and Kuzitrin lowlands. Except for 
the fact that they are inclosed by uplands, the}^ resemble the coastal plains. 
They occupy broad basins, probably produced in part by deformation, and 
represent either lakes or estuaries which have been tilled with gravel and 
silt deposits. The Agiapuk lowland is connected along the flood plain of the 
Agiapuk River with the lowland of the Imuruk Basin. A short canj'on cut in 
l)ed rock intervenes between the Imuruk Basin and the Kuzitrin lowland. All 
three of these basins probably have the same history. They were formed at 
nearly the same time and their silt and gravel deposits are of Pleistocene age. 

Agiapuk hnolmul, — This lowland, having an arcA of about 60 square miles, is 
located in the valley of the Agiapuk River, 25 mile^ alwve its mouth. It is 
dotted over with many lakes, and from the surrounding hills it has the appearance 
of a filled lake or estuary. As they approac»h the plain the tributariej* of the 
Agiapuk River have broad valleys and flood plains. A mining shaft has !>een 
sunk on AUene Creek, one of the tributaries from the south, and is said to have 
failed to reach bed roi'k at a depth of 65 feet. Below a surfat^e layer of gravel, 
blue day containing bark and other driftwood was found. Mammoth bones are 
reported to be common within this basin. 

Iviuruh Imolnnd, — This is a broad tundra-covered plain which surrounds 
Imuruk Basin and extends up the Kuzitrin and Kruzgamepa rivers, and has an 
area of about 2W square miles. The tundra is underlain by frozen silts of v^arying 
thickness, below which gravel and sand are exposed along the rivers. Along the 
northern edge of this plain, near the Mary River, thei*e are some gravel mesas, 
about 50 to 100 feet high, which are regarded as remnants of an upper gravel 
plain that has been eroded away by the meandering of the river. 

Kuzitrin kmland.— This is an area of lowland covering approximately 200 
square miles on the north side of the Bendeleben Mountains and drained by the 
Kuzitrin River. The lowland is tundra covered, and underlain by silts, sand, and 
gravels, probably of no great depth. It is dotted over with many small lakes, 
prolmbly formed by oxbows of the meandering creeks and rivers. Around the 
lowland area on the west, north, and east sides there is a higher gravel plain, 
from 50 to 150 feet above the lowland. A well-marked escarpment usually 
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separates this upper plain from the iowland. On the lowland surface, away from 
the margins, there are occasional gravel buttes, 50 feet or more in height, which 
at a distance resemble haystacks. These are i*egarded as remnants of the upper 
plain which have been left by erosion. At the edge of the upper plain transition 
phases between the plateau and the isolated buttes were noted in a few instances. 

On Quartz Creek the gravels of the upper plain are overlain )>y frozen silts, 
in which bones of manmioth and horse have been found associated with the trunks 
of large spruce trees. A spruce log, said by the miners to be 5 feet in diameter 
and 80 feet long, was uncovered at this place. 

Near the mouth of Turner Creek an isolated butte, known as Coal Hill, is 
composed largely of black peat containing many pieces of bark and branches of 
spruce trees. At the present time there is no spruce timber within the drainage 
of the Kuzitrin River. In Coal Hill there are seams of white sand interbedded 
with the peat, suggesting driftwood origin. However, the abundance of small 
twigs and some spruce cones would seem to indicate that the material has not 
drifted far. Associated with a spruce log which was found in the frozen silt on 
Quartz Creek, and which was followed by a tunnel for a distance of 80 feet, a 
part of the jaw and some teeth of a horse were found by Mr. A. H. Jose, who 
gave them to the writer to be placed in the National Museum. The specimens 
were submitted to Mr. F. A. Lucas, who reports in regard to them as follows: 

"It is difficult — almost impossible — to identify horses from their teeth alone, 
but the teeth collected by you resemble those of Riiuui compliccUvs^ which occurs 
throughout a large portion of the United States east of the Rocky Mountains. The 
extension of this species to Alaska would seem to give it an extraordinary range; 
still, this would not be greater than that of the bison in modern times and the elephant 
and mastodon in the Pleistocene. In the absence of more material this identilication 
should be considered as provisional." 

Teeth and tusks of the mammoth {El^ha^^ primi^enixvs)^ together with l)ones 
of other animals, are reported by the miners to be common in the placers along 
Quartz Creek. 

MAMMOTH REMAINS. 

j^lephant remains have been found in the silts of the Arctic coastal plain, in 
the Agiapuk Valley, and in the Kuzitrin Valley. In the Kuzitrin Valley they were 
associated with spruce logs and horse remains. Similar bones have been known 
from other parts of Alaska for many years, the most noted locality being at 
Elephant Point, on the south shore of Kotzebue Sound, about 5(> miles northeitst of 
the Kuzitrin Basin. At this point the remains of the horse, elejihant, and bison 
were associated with those of the reindeer and musk ox." This association of 



rt Pall, Bull. IJ. 8. Geol. Survey No. 84, 1892, p. 264. 
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animals known to require such diverse climates would seem to indicate very unusual 
climatic and physical conditions. 

Dr. Dawson ^ states that mammoth remains are found only in the nonglaciated 
portions of Alaska and the Yukon district of Canada. He also finds evidence that 
during the time of the mammoth there was a land connection between Alaska and 
the coast of Siberia. Whatever may have been the relation of the mammoth to the 
Glac*ial epoch, it seems certain, on account of the association of the remains with the 
evidence of forest growth, that a milder climate prevailed during at least a part of 
the mammoth period, and while these extensive gravel deposits were accumulating. 

ALLUVIAL SANDS AND GRAVELS. 

Sand and gravel deposits, usually too small to be represented on the geologic 
map, occur to a greater or less extent in all the valleys. They are the product 
of stream action, and occur not only in the beds and flood plains of streams, but 
also as benches and terranes along the sides of the valleys above the present stream 
beds. The coarse gold of the plac*er mines is usually found in gravel deposits 
of this kind, which are described in more detail in the section on "Ekjonomic 
geology." 

ELEVATED SURFICIAL DEPOSITS. 

Extensive gmvel deposits at great elevations in places far removed from present 
stream beds have been noticed less frequently than in the southern part of the 
peninsula. In the neighborhood of Nome deposits of this kind have been exten- 
sively explored by prospectors, since they often carr}' placer gold. No search for 
them in the northern portions of the peninsula has yet been made by prospcctoi"s. 
Rounded pebbles and washed gmvel at high elevations were noted in a few 
instances, the most striking cases being on the ridge l>etween the forks of the Mary 
River, at 700 feet elevation, and in the divide between the waters of the Arctic 
and Kugruk rivers, south of Ear Mountain, at about 400 feet elevation. 

Extensive plateaus have been develo|)ed over this region by erosion in a 
previous physiographic cycle.* These plateau surfaces are covered with semiangular 
gravels derived from the adjacent bed rock or with residual clay containing 
weathered fragments of the bed rock. Where the clay is found a tundi*a growth 
of moss often occurs, covering the surface. 

GLACIATION. 

No evidence was found of general glaciation over the region explored. The 
surficial deposits over the upland portions, consisting of residual soil and gravels 

" Notes on the occurrenceH of mammoth rcroaiUH in the Yukon district of Canfula and Alaska: Quart. Jour. Geol. Soe, 
London, Vol. L, pp. 1-9. 

ft See Physiography, pp. ;w-39. 
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derived from the adjacent bed ro<rk, are re^rded an evidence of nonglaciation. 
Erratic bowlders, such as were found in the southern portion of the peninsula 
and were attributed to floating ice, have not been found in the northern portion.** 
The topograph}*^ of the Bendeleben Mountains, the York Mountains, and Cape 
Mountain was noted by Brooks as indieating local glaciation. Similar indications of 
local glaciation were observed on Ear Mountain. During the season of 1901 no 
detailed examination was made of the Bendeleben Mountains. The exploitations 
made last season show that the glaciers of the York Mountains were of very 
limited extent, as were also those of Cape and Ear mountains. The glacial deposits 
in no instances extend l>eyond the limits of the mountain valleys. Although small 
glaciers have undoubtedly existed in connection with these mountain masses, their 
deposits are of such limited extent that they can be neglected in this report. 

IGNEOUS ROCKS. 
INTRODUCTION. 

All the types of igneous rocks described by Brooks* from the southern part 
of the peninsula were found in the northern portion of the region studied by 
him. In addition to these, recent basalts, occurring both as necks and surface 
flows, were found in a few localities, indicated on the geologic map. 

GREENSTONES. 

The greenstones and greenstone-schists include a numlwr of more or less 
altered intrusives, occurring both as sills and stocks. In the Kuzitrin slates near 
their contact with the Port Clarence limestones there are many intrusions, both 
in the form of dikes and sills, of greenstones which seefh to be altered gabbros. 
Similar rocks were found intruded in the Kuzitrin slates at Cape Douglas. In 
the schists and limestones of the Kugruk group east of the American River there 
are many small bodies of greenstone, which are often highly schistose and com- 
posed chiefly of secondary minerals. In general they have been derived from 
basic igneous ro<*,ks, either diabase or gabbro, though in some cases the minerals 
present indicate that they were derived from more acid rot^ks. These greenstone- 
schists reiLch their greatest development along the Kugruk River, where they 
often contain phenocrysts of hornblende, and are designated "jx)i'phyry" by the 
miners of the region. 

GRANITIC AND RIIYOLITIC INTRUSIVES. 

In Cape Mountain, Brooks Mountain, and Plar Mountain, and neur the hot 
springs north of Midnight Mountain, gmnites and tine-gniined porphyries occur 

u Kec'unnaisHancefl in the Cape Nome and Norton Bay Regions, Alatika, in 1900, p. 46. 
b Idem, p. 31. 
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as large intrusive masses and small dikes. The granite frequently forms needles 
and pinnacles on account of weathering along a double system of joints. Ekir 
Mountain derives its name from two of these granite needles which have a 
semblance to the ears of some animal. Similar '*ears" are found scattered over 
Ear Mountain and over the gmnite area near the hot springs. Small dikes of 
quartz-porphyry, probably connected witli these gmnitc intrusions, were found in 
the slates outside of the larger mass of gi-anite. 

The granite of Ca|)e Mountain was de^Tibed by Brooks as being coarsely 
crystalline, usually porph^'ritic, and as consisting essentially of quartz, microi^line, 
and biotite. It has had considerable metamorphic effect on the adjacent limestones. 

The granite in Brooks Mountain has not been examined microscopically. A 
small dike from this locality showed quartz and orthoclase phenocrysts in a 
groundmass compose<l of quartz and feldspar. In this mountain the limestones 
which lie adjacent to this intrusive are considerably altered. 

The granitcvs of Ear Mountain consist essentially of quartz, orthoclase, and 
biotite. A smaller l)ody of pegmatite-granite is made up of quartz and ortho- 
clase and plagioclase feldspars, while a small dike from the same region consists 
essentially of quartz and orthoclase phenocrysts in a groundmass of quartz and 
feldspar, with muscovite, largely secondarj', and a secondary growth of feldspar 
surrounding the larger oilhoclase phenocr^^sts. In the Ear Mountain granites a 
platy structure, brought out by the weathering, gives the rock a stratified 
appearance. 

The granites of the hot springs region were not examined microscopically, 
but are similar in general type to those of Ear Mountain. 

In Kugruk Mountain and in the limestone west of that mountain there are 
small dikes of rhyolite, which under the microscope show phenocrysts of quartz 
and feldspar. In the dikes which cut the si^hists the feldspar phenocrysts are 
replaced by chlorite, while in the dikes which occur in limestone the feldspar 
is replaced by c^dcite. These dikes are not associated with any granite mass 
which reaches the surface, and are the only cases of the kind seen in the area 
explored. 

From the above description it will be seen that the acid intrusives have a 
wide distribution in the region, though they form no considerable masses such 
as occur in the Kigluaik and B(»ndcleben mountains farther south. The age of 
these intrusives has not been established, but they were probably injected during 
the last period of disturlmnce, whii^h is believed to have Ixjen in Mesozoic time. 

BASALTS. 

Basalts occur as small ilows and volcanic necks at a number of localities. 
Mukacharni Mountain and the two small butters to the east of this mountain, a 
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small area on the east side of the California River, all north of Grantley Harbor, 
and a vSiuall hill about 2 miles east of the forks of the Don River are comix)sed of 
unaltered basalts. These basalts are l)oth compact and vesicular, and vary in 
color from gray to black. The vesicles are unfilled, and are often confused 
in weathered specimens with the cavities from which olivine phenocrysts have 
weathered. Under the microscope the rock is seen to consist of many olivine 
phenocrysts in a groundmass consisting of plagiodase feldspar, probably labra- 
dorite, and a more or less opaque aggregate in which augite and magnetite can 
sometimes be recognized, the former in short prisms. 

Mukacharni Mountain and the two buttes to the east of it and the small hill 
to the east of Tozier Creek are volcnnic necks cutting the schists and slates. The 
basalt areas west of Mukacharni Mountain and east of the California River are 
remnants of surface flows or sills, which have probably been erupted at the 
same time as the necks. The amount of erosion since these eruptions indicates 
that they took place in pre-Pleistocene time. 

Between the Kuzitrin and the Noxapaga rivers extensive lava beds are reported 
by prospectors. These lava beds are reported to extend across the divide between 
the headwaters of the Kuzitrin and Koyuk rivei-s and down the Koyuk Valley. 
Similar lavas were described in the Kovuk Vallev by Mendenhall.** In the 
Noxapaga River many fragments of })asalt were found in the gravels on river bars. 

At a point on the Noxapaga River 2 miles above Noxapaga these lavas extend 
across the river, and their relation to the other rock was seen in a bluflf above 
the river. Here the Pleistocene gravels filling the Noxapaga Valley rest on the 
upturned edges of the schists. The basalts lie upon these gravels, and near the 
contact the gravels are cemented by indurated clay. In the upper part of this 
gravel a few pebbles derived from ])asalt were found, mixed with quartz jHjbbles 
derived from the schist. This lava flow probably occurred in Pleistocene time, 
while the upper gmvel plain of the Kuzitrin Biusin was being formed. In the 
Kovuk Vallev Mendenhall found evidence that the basalt is of Pleistocene or late 
Plioi'ene time.'' The evidence obtained in the Kuzitrin Basin indicates a similar 
age for the basalts found there. 

These basalts show^ phases from gray to l)lack. They are more often vesicular 
than compact, the vesicles unfilleil. lender the microscoi)e they show large olivine 
phenocrysts and smaller phenocrysts of feldspar, probably labradorite, set in an 
almost optu^ue groundmass. 

DYNAMIC HISTORY. 

The dynamic history of the province is complex, and, in spite of the two 
seasons of field work, still pn\sonts nnmv unsolved prol)lems. In the southiM'n part 

« Re(.'oiinaiKHaiice.M in the Capt? Noini! and Norton Bay Rcgrions. Aluj^ka. in 1900, p. 206. 
ft Idem. p. 207. 
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of the peninsula^ four distinct periods of dynamic activity were recognized, and 
some evidence wa8 obtained of a fifth, which antedated all the othei*8. The facts 
which suggested this oldest period of disturlwince were those which indicate a 
deformation of the Kuzitrin series previous to the deposition of the Nome series. 
This unconformity wjts, however, not definitely established })v indejKMident evidence. 

The record of the oldest of the four ]MM*iods of revolution which wt»re definitely 
recognized in the southern belt is found in the brojul, often dome-like, folds which 
affected all the rocks up to and including the Nome series. The crustal movement 
resulting in this doming was accomjmnied by large injections of greenstones, and it 
prolmbl}' occurred in pre-Silurian time. The next disturbance was one which ren- 
dered these greenstones schistose, and locally produced considerable shearing and 
jointing. Its effects are exhibited by local deformation and metamorphism in the 
Nome series, and its date was prolmbly Mesozoic. The third crustal movement was 
more widespread in its effect, and was ac*companied by the intrusion of large granite 
masses along the axes of the Kigluaik, I^ndelelwn, and Darby mountains. The age 
of this dynamic revolution can be definitely assigned to the late Mesozoic or pre- 
Tertiary. The eviden(»e of a still later epoch of crustal movement was found in the 
sheared and jointed chanicter of some of these gmnite masses. 

The investigations of the past season in a general way corroliorate this 
statement of the dynamic history of the province. More definite evidence of the 
unconfonnable relation of the basal member of the Nome series to the Kuzitrin 
series was obtained (see p. 17). The Kuzitrin series, as has been shown, suffered 
some metamorphism previous to the deposition of the Port Clarence limestone, 
which is the lower member of the Nome series. As the Port Clarence limestone 
is of Ijower Silurian age, this crustal movement can })e definiteh' assigned to the 
pre-Silurian. 

The first well-established epoch of d\'namic activity in the Nome region 
proper was the period of th(». intrusion of the greenstones, and this is also recog- 
nized in the northern province. The writer is, however, unable to pixvsent anv 
evidence of the presence of dome structures similar to those which were descrilxid 
by Brooks'^ and assigned to this period. 

The next eiK>ch of disturbance which was recognized in the southern part of 
the province was the post-Nome revolution. In the northern region this epoch 
has also })een recognized, but was proved to be rather local in its (»tf(H*t. In the 
York Mountains the beds }>elonging to the older member of the Nome series 
were found to be but little affected by this movennMit, while in the eastern part 
of the province the up{ji>r meml)er of th^ same series is sharply folded and cou- 
rt Rec<miiaiHHan<'e« In Uie Cape Nome and Norton Bay RegionH, Alaska, in 1900. p. :». 
Mdem, p. 31. 
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siderably metamorphosed. This is in accordance with the fact, pointed out by 
Brooks," that the disturbances were of a local chamcter. As in the southern 
belt, both the sediments and the igneous rocks were rendered schistose by this 
movement. This disturbance wits provisionally assigned to the Mesozoic, and is 
shown by the work of the past season to be at least post-Devonian. 

The third period recognized by Brooks has been the last one of extensive defor- 
mation. Deformation and alteration were accompanied by the intrusion of the 
granites of the Kigluaik and Bendeleben mountains. In the southern province this 
disturbance is shown by structural linos which run parallel to the axes of the moun- 
tains and have a genei*al east-west trend. In the northern belt no large intrusions 
of gi*anit« occur, but there are structural lines running east and west, which may 
have been produced by this crustal movement, as noted more especially in the York 
Mountains. The evidence, briefly summarized, is as follows: In the York Mountains, 
where the bed rock is chiefly the Port Clarence limestone, broad, open folds were 
observed whose axes run nearly east and west. These are transverse to the lines 
of more intense disturbance in the eastern part of the belt. As is shown by the 
character of the rocks in the eastern Iwlt, the western belt must have remained 
practically undisturbed during the early Mesozoic evolution which has been 
described. These in the York Mountains must therefore be of a later date than 
the north-south structures, and are here provisionally correlated with the epoch 
during which, in the southern part of the peninsula, the Kigluaik and Bendeleben 
mountains were uplifted. 

No evidence of the fourth dynamic evolution described by Brooks was obtained 
by the writer, though it may exist. The extrusion of the lavas which have been 
assigned to the Pleistocene is the latest evid(»nce of dynamic activity. 

We have thus four definite periods of crustal movements, with accompanying 
injections, in the northern province. The first, which was probably regional, 
occurred in pre-Silurian times. The second was a period of intrusion, and can 
be provisionally assigned to the close of the Paleozoic, or the beginning of the 
Mesozoic. The third was a period of folding, which was rather local in its effe<rt. 
The last was an epoch of extensive lavas, which, though rather widespread, was 
not great in the amount of material which was ejected.* 

Since the injection of the granites and the uplift of the Kigluaik Mountains, 
which is assigned to the Mesozoic era, the northern portion of the peninsula has 
been base-leveled and uplifted and in the uplift has sutfered more or less defor- 
mation. These features are described in some detail under the heading '* Physi- 
ography.-' 

a Reconnai««aiict's in tlu' ('apt' Nome and Norton Bay Koffions, Alaska, in 11KX», p. :V>. 

fcMr. Henr>- S. Wa?<hinpton ha*» recontly desorilwd some effusive rocks from adjacent |>ortion'* of the Sil>erian eo»u*t. 
See Am. Jour. Set.. 4th series, Vol. XIII. pp. 175-lKl. 
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PHYSIOGRAPHY. 
INTRODUCTION. 

A general statement with regard to shore line, dminage, and relief of the region 
under discussion has been given in the chapter on geography. A general discussion 
of the physiography of the Seward Peninsula, by Alfred H. Brooks, is also to be 
found in Reconnaissances in the Cape Nome and Nortoo-Bay Regions, Alaska, 1900, 
pages 48-64 and pages 163-198. Mr. Brooks" has called attention to the fact that the 
Seward Peninsula may be divided, by a line from Cape Espenberg to Rocky Point, 
into two regions, of which the eastern has been depressed and the western uplifted. 
The region under discussion is a part of this uplifted portion. In the northern 
part of the peninsula many new facts l>earing on physiogmphic development were 
collected. However, owing to the hasty nature of the work and the small scale 
of the map, and in view also of the fact that further exploration in an adjacent 
region is contemplated at an early date, the writer will only attempt to describe 
in a preliminary way some of the more important topographic features, and to 
suggest their possible history. 

The northern portion of the Seward Peninsula is characterized by broad 
lowland plains surrounding a central upland. These lowlands are built up of silts, 
sands, and gravels derived from the upland, and deposited in shallow waters, 
probably both marine and lacustrine, which surrounded it. The lowlands to the 
southeast occupy inland basins extending parallel with the axes of the Bendeleben 
and Kigluaik mountains, which rise abruptly' from their southern edge. 

The relief of the upland is considerable, but its suuunits are flattened at 
elevations varying from 1,600 to 2,900 feet in different parts of the region. Between 
the summit level and the lowland plain there is a series of broad benches sur- 
rounding the central mass, two of which are particularly prominent. The 
different plateau benches and plains represent distinct epochs of erosion, and in 
the case of the lower gravels have been quite generally deposited since its for- 
mation. The existence of these features is regarded as indicating repeated uplifts, 
which affected the whole region. 

In the case of the latest uplift there is unmistakable evidence that the 
movement was of a differential nature. Similar differential movements have 
probably occurred in connection with older uplifts, but detinite evidence of them is 
wanting. Although the general movement has been one of uplift there is also 
evidence of local depressions of minor importance during the latest period. Ttfe 
four epochs of erosion indicated will be discussed further under the headings 
Nuluk Plateau, Kugruk Plateau, York Plateau, and Lowland plains. 

a Op. cit., p. 56. 
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mountain risies abniptly. Westward, along the north face of the York Moun- 
tains, it is represented by well-marked benches and the flat tops of a few isolated 
buttes. In the region west of the York Mountains the isolated buttes are flat- 
topped at 1,000 to 1,200 feet, and Cape Mountain has a well-marked bench at 
1,200 feet. South of the Agiapuk River this platform, on which Mukacharni 
Mountain stands, is correlated with this plateau. In the eastern area, where this 
plateau is best developed, it is dotted over with scattering residuarj' buttes and 
mountains, of which Midnight, Baldy, and Harris mountains are types. The 
sj'stem of buttes and ridges extending southward from Kugruk Mountain rises 
above it, as do also Ear Mountain, Cape Mountain, and the York Mountains. It 
is impossible to state with certainty the nature of the erosion by which this 
feature was produced. In the vicinity of the Kugruk River the plateau surface 
is characterized by rounded hills and ridges, w^hich often vary considerably in 
elevation, and rise gradually toward the l>ases of residual hills and mountains. 
The erosion of the Kugruk surface was probably subaerial, and it is proper to 
call the plateau a peneplain. 

Since its formation this peneplain has suffered some deformation, the details of 
which are only imperfectly known. Southeast of Midnight Mountain, at latitude 
04^ 4ii', the plateau has an elevation of 1,000 feet, while to the northward it 
appears to slope gradually down to the level of the Arctic coastal plain in a distance 
of 20 miles. To the southward it slopes toward the Kuzitrin Basin and has suffered 
erosion, so that it is only preserved in a few remnants. Coffee Dome, with an 
elevation of 1,000 feet, is such a remnant of the old plateau surface. In 1900 the 
writer, with Mr. Brooks, observed a broad bench with washed gravel on the west 
end of the Bendeleben Mountains. A further examination of the benches in this 
vicinitj^ was made the jmst season. It seems prolmble that they are to be correlated 
with the Kugruk Plateau. These benches stand at an elevation of from 1,000 to 
1,200 feet. This feature seems to indicate the formation by warping of a trough 
parallel with the Bendeleljen Mountains since the development of the Kugruk 
Plateau surface. 

YORK PLATEAU. 

The third important erosion epoch is represented by the York Plateau. It is 
well developed about the mass of the York Mountains, though its e(|uivalent8 may 
be traced with a fair degree of certainty along the northern flank of the Kugruk 
upland to the Serpentine? River, and along the southern flank to the Kuzitrin 
River. The breadth of this l>ench, where it has been observed, varies from 100 
yards to 15 miles. It slopes from the mountains toward the sea both to north and 
south. Its general altitude varies from 100 to 700 feet above the sea. Notable 
variations which occur along a line parallel to the southern shore are undoubtedly 
traceable to warping. 
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The interval between the York and Kugruk plateaus is unuall}^ about 700 feet. 

Between the York Mountains and Oape Prince of Wales the York Plateau is 
represented by a well-niarked plateau surface at an elevation of from 5(M) to 7(K) 
feet. This was desc^ribed by Brooks in 11H)0. It is a striking feature and has l)een 
noted by a number of early explorers. The top of the plateau is smooth and 
perfectly hard, affording excellent footing/' To the northward it slopes rather 
graduall}' to the level of the Arctic coastal plain, while at its southern margin it 
terminates rather abruptly in a steep slope or escarpment toward Bering Sea. 

Eastward around the north side of the York Mountains the York Plateau is 
apparently continuous with an imperfect plain surface developed over the hilltops 
at an elevation of 800 to 500 feet above sea level. Around the north side of the 
York Mountains this plain extends into the mountains in a system of broad benches 
along the riv'ers which emerge from them. On the Nuluk Kiver this feature is 
developed in a broad valley floor about 400 feet above the present stream bed. 
At this place the plain extends through the upland in a broad pass between the 
waters of the Nuluk and Agiapuk rivers at about 500 feet elevation. 

Surrounding Ear Mountain there is an extensive upland composed of 
rounded ridges which attain an elevation of 500 to 000 feet, and which seem to 
be continuous with the York Plateau as developed farther west. From these 
levels there is a gradual rise of the land toward Ear Mountain, at whose base is a 
well-marked platform having an elevation of 1,000 feet, from which the mountain 
rises abruptly for 1,300 feet. 

From Ear Mountain to the Siupentine River this bench was not tmced, and the 
topographic map affords no evidence of its existence. However, on Spring Creek, 
a tributary of the Serpentine River, benches at about 600 feet were observed, 
which may be tentiitively correlated with this plateau. 

South of the York Mountains a broad marine bench from 1 to 3 miles wide 
is cut on the Port Clarence limestones, of which the mountains are composed. 
This has been elevated from 100 to 600 feet above the sea and is bounded on 
the south side by a steep escarpment to the Port Clarence coastal plain or by 
a cliff to the sea. On the north it is bounded by the abrupt slopes of the 
York Mountains. The surface of this bench is an almost perfect plain swept 
bare of gravel or other detrital material, but is covered in many places with 
yellow clay derived from the solution of the limestone. A study of the topogmphic 
map shows with certainty that this bench is a continuation of the York Plateau 
above described. 

Between the California and the Agiapuk there is a broad plateau surface 
having an elevation of about 500 feet. This plain extends up the Agiapuk River 
as a broad bench and is continuous over the divide with the benches along the 

a Reconnaiflsances in the Capo Nome and Norton Bay Regions, Aia-ska, in 190U, |». 132. 
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Nuluk River, which, as has been shown, are connected around the northern side 
of the York Mountains with the York Phiteau. Eastward from the great bend 
of the Agiapuk River this plateau has not been traced with certainty. The 
plateau between Grantley Harlyor and Imunik Hasin, in which Tuksuk Channel 
is cut to a depth of about 200 feet, and the plateaus and }>enches along the 
Kuzitrin River Iwtween the hnuruk and Kuzitrin basins are tentativelv correlated 
with it. 

The York Plateau, since its elevation, has ])een dissected to a })ase-level bv the 
larger streams which cut across it. The smaller of these streams flow in sliarply cut 
new V-shaped canyons, while the larger streams flow in comparatively' broad 
valleys. An example of the larger valley is shown in the Anikovik River, which 
has a width of several miles (see topogmphic map), while its smaller tributaries, 
such as Deer Creek and Buhner Creek, are still in sharply cut canyons. In the 
northern and easti»rn extensions of the York Plateau the valleys are bix>aderand 
genei*allv appear to l)e older. The shai-ply fut V-shap<»d valleys are only seen near 
the foothills of the mountains. Along the northern margin of the plateau the 
gravels of the Arctic coastal plain extend up the valleys, making it often difficult to 
draw the l)oundarv between the lowland region and the upland. 

In the eastern extension of the York Plateau, south of the York Mountains, the 
smaller streams flow in very abrupt canyons, with almost perpendicular walls, which 
interrupt the continuity of the plain, and are discovered onl}' when the traveler 
stands on their immediate edge. However, Rapid River, the largest stream which 
crosses this bench, has a broad valley cjuite similar to that of the Anikovik 
River. The California River and Tuksuk Channel both occupy sharplj' cut canyons 
in plateaus which have been correlated with the York Plateau. 

On that portion of the York Plateau which has been called the Cape York bench 
the plain surface api>ears to be perfectly develojx^d, but elsewhere there are a numl)er 
of residual hills, usually at places where the slates are intruded by stocks or sills of 
igneous rock. Cape Mountain, the largest of these hills, is of this type. It rises io 
a sharp peak 2,000 feet above the plateau level. It is composed of harder roi^ks of 
an older series than the slates to the eastward, raised up and intruded by a large 
mass of granite. Conical Hill, rising about 1,(X)0 feet al>ove the plain, is composed 
of slates similar to those of the surrounding plateau region. Other smaller buttes 
have been found, wh(*n examined, to l>e comjK)sed, in part at least, of greenstone, 
which seems to be an altered gabbro. On the northeastern extension of this plain 
there are a few residual hills near the southern margin which were not examined in 
detail. 

Concerning the manner in which the York Plateau was produced it may be said 
that the Cape York IxmicIu which is an almost perfect plain, was undoubtedly 
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produced principally by marine erosion. It was cut in the southern side of the 
York Mountains by wave action. The main portion of the York Plateau has been 
regarded by Brooks" as of similar origin. Some slight irregularities on the surface 
of this plateau, which are apparent on more detailed topographic examination of the 
region, would seem to throw some doubt on this statement. It seems prol)ablc that 
this is in j)art of sulwU^rial origin. In the northeastern extension of the plateau 
these irregularities increase, and it seems probable that the plain here was to a 
greater extent produced by suba(M*ial agencies. 

In its elevation to the present level, this plateau has suffered marked defor- 
mation, and the proof of differential movement which is afforded has been 
sufficient t/o throw doubt upon correlations in the case of widely separated plain 
surfaces within the region. But it has also confirmed the opinion that many of 
the inland basins of the region owe their origin to such warping. The deforma- 
tion is most strikinglv shown in the marine bench south of the York Mountains, 
above referred to as the C.'apc York bench. This bench, which must have been 
horizontal at the time of its formation, has an elevation of 200 feet at Don 
River, while 12 miles to the wo^stward the same plain has an elevation of (500 
feet. Near the Kanauguk River the York Platc^au hjis an elevation of 800 Jeet, 
while at the east base of Cape Mountain the elevation is below 5(X) feet. The 
plateau lie twee n the California and Agiapuk rivers has an elevation of 500 feet. 
This plain is located about 10 miles east of the depressed portion of the York 
Plateau, near the Don River. The benches and plateaus about Imuruk Basin, 
which have also been correlated with this plateau, have elevations of from 200 
to 300 feet. 

If these correlations are correct, the York Plateau along its southern edge 
shows the following variations in level, due to warping: Near Cape Prince of 
Wales its elevation is 500 feet; 8 miles eastward, near the Kanauguk River, 
its elevation is 700 feet; 20 miles eastward, at the Don River, it stands at 200 feet; 
10 miles eastward, at the California River, it stands at 500, and 20 miles farther 
east, at Tuksuk Channel, it stands at 200 feet. It has been noted that the plateau 
surface seems to slope to sea level and merge with the coastal plain. It ia 
impossible to tell, in the present state of information, to what extent this may 
be due to deformation. The great accunudation of gmvel in this region was 
probably largely deriv^ed from the region of the York Plateau, and the fluviatile 
agencies have here acted more sti"ongl\' and for a longer time, making the valleys 
wider and rounding off the upland between them. 

« Kec'oniiuissunceH in the Capo Nouie and Norton Bay Regions, Aiuhka, in luoo, i>. 5tf. 
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LOWIANl) PLAINS. 

The last epoch of erosion is represented hy the extensive lowland plains 
which surround the upland mass. They coinprisi* coastal and vallej' plains, and 
in <jenend are covered hy unconsolidated Pleistocene deposits. In each case these 
deposits are probably underlain hy even rock Hoors, representing a period of 
erosion which preceded subsidence and deposition. It is suggested that in the 
southeastern part, pr(»vious tx> this deposition, wide valleys were converted into 
basins by warping. The lowland areas have been already partly described under 
the heading ''Surficial deposits." They arc the Arctic and Port Clarence coastal 
plains'and the lowland surrounding Inuiruk Basin and occupying the broad valleys 
of the Agiapuk and Kuzitrin rivers, tributary to that basin. 

The Arctic coastal plain extends from Cape Prince of Wales to Cape Kspen- 
berg. At Cape Prince of Wales it is not over 5 miles wide, but about Shivshmaref 
Inlet it extends inland for 30 miles to the Imse of gently sloping hills which rise 
up to the Kugruk Plateau. To the eastwartl it appeal's to cover a large part of 
the peninsula between Shishmaref Inlet and (loodhope Bay. At its southern 
jnargin it is probably nowhere above 2()0 feet in elevation. The rivers and creeks 
which flow across it usually have intrenched their channels into the frozen deposits 
of the plain, sometimes exposing a fac»e of gravel 20 feet high. In being 
elevated to its present position, this tract is 'not known to have suffered warping. 
All irregularities seen by the writer may be attributed to irregular deposition. 

The Port Clarence coastal plain is a small gravel-covered plain north of Port 
Clarence. It has a maximum width of 5 miles, but is usuallv much narrower. The 
gravels thin out toward the foothills, where in river sections they are seen to rest on 
the truncated edges of the limestone bed rock. Westward this plain extends in a 
narrow strip toward Cape York, where it is internipted. The plain on which the 
village of York is built is regarded as belonging to the same erosion period as this 
plain. During the uplift this plain has suffered some slight deformation. At the 
mouth of the Don River the plain is scarcely above sea level, while at the Teller 
Mission its elevation is al)out 20 feet. North of the entrance to Grantley Harbor it 
appears to dip down and pass below sea level. 

VALLEY LOWIJ^NDS. 

These are the low-lying plains which surround the Imuruk Basin and occupj- the 
Agiapuk and Kuzitrin valleys." They have a general similarity, and are probatdv 
to l)e accounted for by similar causes. The Imuruk lowland is partly occu ie bv 
the waters of Imuruk liay. North of the bay the lowland has a width of about f> 
miles, but extends farther northward in embayments in the surrounding hills. It is 

a Kec'onnaisMiiicitt in C^ipo Nome an<l Norton Hay Ki'KionK, Alnnka, in 1900, p|i. 61 «nd 62. 
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in many places there are small isolated ^mvel huttes and hills which are remnants 
of the same higher plain that is shown in the benches.'' Whether this upper plain 
represents a higher water level over the whole Imsin or is simply a part of the old 
plain raised up differentially, can not he determined from the evidence in hand. 

The basins in which these lowlands (M*cur, it is believed, were first formed as 
broad erosion valleys during the epo<rh repn»sented by the York Platt^au. In the 
proc(»ss of u[)lift, (h^formation <M*curred, forming inland Inusins in whi<'h the lowlands 
were built up of silts and gnivels and the uplifted portions of the valley floor were 
dissected and are now represented by the 200-foot l>en<*h along the Tuksuk and the 
flat-topped hills around the Kuzitrin Canyon. Since the formation of the lowland 
plain, a slight subsidence has allowed the sea to invade the Inmruk Basin and slight 
deformation has rjiised up portions of the lowland gravels, subjecting them to 
erosion and forming the gravel mesas and iMMiches al)ove described. 

DRAINAGE. 

In the upland portions of the region, the rivers flow in deep-cut valleys, while 
in the lowland portions they meimder in shallow valleys trenched to near sea level. 
In general in the upland portions no readjustment of drainage c^n l>e recognized. 
Th(^ present stream coui*ses are inherited from previous physiographic conditjous. 
The few minor changes of drainage which have teen notwi can here be neglected. 

The Agiapuk River, at the place of its emergence uiK>n the York Plateau from 
the Nuluk upland, presents the most inti^resting case of deflected drainage ol>served. 
Its deflection eastward toward the Agiapuk lowland, through which it flows to 
Imuruk Basin, is believed by the writer to be due to the warping of the phitcau 
surface while it was vet a lowland. Whether it has ever had an outlet directly 
southward to Port Clarence can not te certainly determined. If it did have such an 
outlet, it was perhaps obstru(?ted by the lava flows which occurred in the vicinity, 
probably near the time of the uplift and warping. 

The California River, having a steeper gradient and a shorter course to sea 

level, has cut a steep wmj^on in this plateau surface and will probablj' ultimately 

tmpture the upper jmrt of this river and restore it to its former course to the 
sea. 

SUMMARY. 

From the above facts and discussion the following conclusions are drawn. 
There have heon four extensive periods of erosion in this region, separated by 
periods of elevation. These periods of erosion are evidenced by systems of 
plateaus, benches, and plains named as follows in the order of their formation: 
The Nuluk Plateau, the Kugruk Plateau, the York Plateau, and the Liowland 



aSec alw "SurticiHl de^KwitN." p. 24 et t^i., ntul ei-onoinio (U'HiTiptioii of Quartz Creek and Bowlder Creek, pp. G2,66. 
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especially the Kugruk, Kuzitrin, and Agiapuk rivers. A little gold has also been 
found at York. 

The source of the gold is undoubtedly in the bed rock, not far distant from 
the placers where it is found. Though no large veins of commercial importance 
have been found, there are niafiy small veins and stringers, which are often more 
or less niinemlized, and from these the gold has heon derived. 

Such minonilization as the rocks of the region exhibit can only occur in 
areas of deformation where the rocks have bi^en jointed and fractured. In the 
region under discussion the roc*ks of the Kuzitrin series and of the Kugruk 
group present (conditions favonible for mineralization, and a com{)arison of the 
geologic and economic maps will show that gold-pnKlucing areas are in a general 
wa}' identical with the area occupied by these two groups. 

The lM*d rock of most of the auriferous creeks is made up of the Kugruk 
beds, but there are some gold-l)earing creeks whose courses cut the Kuzitrin 
series. The inference is that the erosion of the Kugnik rocks contributed most 
of the gold which is now found in the placers. In any event it can be definitely 
stated that the Port Clarence limestone is not gold l)earing, and it will be a 
useless waste of time for prospiH'tors to search for placers in the region occupied 
by these rocks. The placers which have thus far been developed are confined 
entirely to the stream beds of the smaller creeks, though the larger rivers carry 
fine gold, which may some time be worked to a profit. There is also a pos8ibilit3' 
that gold values may be found in some of the gravel terraces, which might be 
worked by hydraulic methods, 

DESCRIPTIONS OF LOCALITIES. 
INTROIU'CTION. 

Since the region promises to Ik* of some importance in placer mining, and 
since nuich of it hiis }>een prosp(H*ti*d, it has l>een thought best to add the 
following detailed descriptions of those civeks which were visited by the party. 
The writer will also include some aiH*ounts of adjacent regions, about which 
n^iable information was obtained. It is hoped that these notes, incomplete a8 
they are. will throw some light on the economic iK>ssibilities of this region. 
The placer tin dc|>i)sits of York will also Ih» briefly ct)nsidered. The regions 
des<*rilHHl coincide in a genenil way with the various recording districts, but 
sinct^ the lK>undaries of the districts are often indefinitely locttted and arc subject 
to frequent changi^, no attempt ha^ Inu^n made to follow them closely. 

UUAXTI.KY HAKBOK KKUION. 

Tnder this heading an area will 1h^ considereil which is tributary to and 
north of Gnuitley Ilarlwr. In UHH\ colors of gold were found in several creeks 
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which flow into the harbor from the north, but no mining proper wim done/* 
The Bluestone region, which was described in the report cited, and lies to the 
south of (jrantley Harbor, in 1900 produced considerable gold, but during 1901 
hardly realized the expectations. The Bhiestone Basin lies outside of the region 
considered in this report. 

jVIore or less successful mining has l)een done on Sunset and Igloo creeks, 
flowing into Grantley Harbor, and Allene Creek, flowing into the Agiapuk. When 
the writer visited Sunset Creek on July 14, sluice boxes liad just been set up on 
one claim. Assessment work, represented by drain ditclies, crosscuts, etc., had 
been done at several places, l)ut little could be learned regarding the proliable 
value of the creek for mining pui'poses. Sunset Creek is about 5 miles in length. 
In its upper part it occupies a rather deep canyon, while in the lower 2 miles of 
its course it is only slightly incised in the rolling, moss-covered lowland which 
borders Grantley Harbor. The bed rock, where it has been seen, consists of fine- 
grained chloritic mica-schists and very highly altered greenstones, composed 
almost wholly of secondary minerals, ])ut probably representing bjusic intrusions 
in the schists. The schists contain many small veins of quartz. About 4 miles 
from the coast the cre(»k forks, the larger bninch rising on the east side of 
Mukacharni Mountain, while the west fork rises west of that mountain. This 
mountain is composed of unaltered basalt, which extends practically to the forks 
of the creek. At the head of the west fork calcareous schists and limestones, 
which probably overlie the mica-schists, were found. The relation of these mica- 
schists and limestones to the Port Clarence limestones, which are well represented 
a few miles west, was not deUu'uiined, although all the evidence obtained seems 
to indicate that they underlie them. If this is true, these rocks should be correlated 
with the Kuzitrin slates. At th(»- forks of the creek, where sluicing had just 
l)egun at the time of the writer's visit, there was still a great deal of snow in 
the creek bed and the ground was still frozen to within a few inches of the 
surface. No exposure of bed rock at this place was seen. It was reported, 
however, by the miners, that prospect holes made the year before showed 4 feet 
of gravel carrying pay a))ove a yellow clay bed rock. 

Allene Creek heads a few miles southeast of Mukacharni Mounbiin, about 5 
miles from Port Clarence, and flows northward to the Agiapuk River. The creek 
was visited by Mr. Witherspoon late in Septemb(>r. At the time of his visit one 
claim only was in operation. All the other claims w(»re shut down for the season, 
although some mining had been done on several of the claims. The pay dirt was 
confined to the creek bed and rested on a clav foundation, })elow which the true 
bed rock had not been reached. About 3 miles down the creek a prospect hole is 
reported to have been sunk 65 feet without reaching bed rock. This shaft showed 

d Reconnaissances in the Cape Nome and Norton Bay Regions, Alaska. In 1900, p. 126. 
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gravel at the top, below which there was blue clay containing bark and driftwood. 
The gold in Allene Creek is bright and flaky, not much waterworn. One small 
nugget wa8 found during the season. The bed rock, consisting of mica-schist and 
greenstone, which was seen on the north shore of (irantley Harbor, probably 
extends northward at this place into the Agiapuk drainage, passing underneath the 
basalts of Mukacharni Mountain. 

Sluicing was also done during the season on Igloo Creek, which enters 
Grantie}^ Harbor a few miles east of Sunset Creek. 

Bay Creek marks the eastern boundary of the Port Clarence limestones, 
which extend to the westward pi-actically all the way to the Kanauguk Iliyer. 
None of the streams which enter Bering Sea from this limestone area are known 
to the writer to yield placer gold. On the north side of the Agiapuk the Port 
Clarence limestones, resembling those near Teller Mission, are well developed 
over a large area, and are probably not gold bearing. The gold-l>earing gravels 
north of Grantley Harbor then will probably be found to be confined to the 
high land between Gnintley Harbor and the Agiapuk, west of Bay Creek. The 
Agiapuk Valley itself is tilled with Pleistoc*ene clays and gravels, probably old 
lake-bed deposits, in which placer gold is probably not sufficiently concentrated 
to be of economic impoilance. The whole of this area is easily accessible from 
Grantley Harbor, and is entirely within a radius of 20 miles from Teller. On 
account of its location, mining can prolmbly be done here at small expense. 

Sunset Creek at its forks, 4 miles from the coast, carries sufficient water 
for sluicing, probably during the whole season. This is probably also true of 
Allene and Igloo creeks. If hydmulic mining should l)e attempted, water would 
probably have to be brought from the California River or the Agiapuk, which 
would require a long ditch. 

PORT CLARENCE AND YORK MOUNTAIN REGION. 

Under this heading a region will be discussed which lies adjacent to and drains 
into Bering Sea, and embmces the southern dminage of the York Mountains 
and the streams tril)utary to Port Clarence from th(» north. With the exception 
of a few small areas the region as a whole is underlain by the Port Clarence 
limestone, whiclj has never been found to be gold bearing. The more important 
streams which have received attention at the hands of prospectoi's are Mission 
Creek, and the California, Don, Lost, and liapid rivers, besides a number of 
smaller streams whose names were not learned. Of these, as far as known, one 
of the forks of the Don River alone yielded colors of gold. 

About 5 miles from its mouth the Don River forks, the eastern fork being 
known as Tozier Creek. This creek flows along the western Imse of a mountain 
composed of dark slates of the Kuzitriu series. These slates are cut by dikes 
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of whiU) litth)Ntono, which probably belongs to the Kigluaik Heries. Cape 
Mountiiin Ih itiiclf made up of an intrusive granite stock, which is much jointed. 
The Kuxitrin rocks are overlain to the east by the Port Clarence limestone, 
which mnkoH up York Mountain. Near the west end of the two series there 
arc Momo large intrusive masses of greenstone. 

The Im«<1 HH^k of the Anikovik River consists of slates in which the original 
bedding is lost, and jointing and cleavage le^d to the breaking up of the rock 
into jMuicils and rhomlM)hedral foi*ms." These slates contain a niunber of massive 
greenstone bodies, which are clearly diabasic in their origin. There are also 
interiHHlded some smaller schistose, greenstone sills, whose origin could not be 
detimnined. The minenilizwl jK)rtions of these slates were found to carry some 
gt)ld, whit^h is disseminated in quartz belts. Slates of this type were found 
extending northwanl along (irt)use Creek and the Mint River to within a few 
mlh^ of tiie lagtH)n« where they pass under the heavy gravel deposits which 
lH>nler tlie An»tle Oet^in. 

Buck Cn^ek ht^ads in Conical Hill, a sharp peak rising about 1,000 feet above 
the giM^eml level of tlie York Plateau, and is composed of slates which do not 
dltTor t^ssentially from the slates of the surrounding country. A number of 
quartit veins, much diH*om|x>sed and stained with iron, were seen in the slates at its 
liase on the head of Huck Crtn^k. An assay of a sample of this quartz, however, 
showinl no traw of gi>ld. 

The Yankw River, a large tributary of the Mint River, heads near Brooks 
MountHUi, the highest of the York group. This mountain is composed, in part 
at Knist, of slates similar to those at York, and in part of highly altered crystallized 
Ui«e«*toiHv*k out by granite and iH>rphyry dike8. The mountain is almost wholly 
sumnuHUHi by Port Clareniv limestones, which form hills on lK>th sides of Mint 
River Valley s^n-eral mile^ Inflow the head of the river. The river occupies a 
bn^ad, gmvel-tilUHi valley, in which there are no exposures of bed rock untiU 
iu>ar the junction with the Mint River, the Kuzitrin slates an^ again exposed. The 
wvsl^>m branch of the IMnguk River, known as the Y'ork River, also heads in the 
slatt>s of RriH^ks Mountain, and has cut down to the slates through nearly all its 
length until it enters the graveKxweriHi an^ near the An*iic Oci^n. 

fnW"-,!*, ITw^ dis^weries of nion* pn>mising deposits in other (larts of the 
)>enii%suU ftad dmwn away niany of the pn^j^vtors whom Bnx^k> found at York 
in UHH\ and the l^okwar^lness of ihe s^>asi>n had delayed mining operitionsw In 
the >fch\^e district sluicing was in prv^gress on only one claim. The entire di>tri(^ 
\luring the sunwH^r of UKH pn^l^hly prvxiuotxl less than $:^*• in gv>ld. Several 
oTv^^ks tik^wiug into the Ar^^tic iXxxin, which wen^ m^t visited by Br\x4Ls in l5^»i. 
wvr^ fvHXiw tK^ \"^rrv v\^K>rs \^f s^^M, but no sluioini: w^< diMK\ 
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Grouse Creek, a tributary of the Mint River, is the most important stream 
flowing northward in the district. This creek is trenched in the plateau surface to a 
depth of from 100 to 300 feet, but for a great part of its course flows over gravel bars 
which occupy its bed, and at the present time the creek is broadening rather than 
deepening its valley. The eastern tributaries of Grouse Creek generally head in the 
York Mountains, and are largely filled with gravels composed of limestone, with 
some greenstone, the latter derived from the intrusives in slates near the base of the 
mountains. The western tributaries of Grouse Creek flow wholly within the slates, 
and offer more inducement to the prospector. Colors of gold have been found in 
Buck and Gold creeks, and prospectors were doing assessment work on the former 
at the time of our visit. A drain ditch 100 feet long had been cut near the mouth 
of the creek, and other developments were being made on some of the tributaries. 
In this ditch good prospects had been found. The gold was in rounded grains 
identical in chai-acter to the gold of the Anikovik River and Buhner Creek, which 
flow southward in the region. Well-rounded fragments of magnetite were found 
associated with the gold. 

Tin, — During his examination of the York region Brooks's attention was 
called to stream tin " (cassiterite), which the miners had found in their sluice boxes 
but had not identified. This mineral was associated with garnets, magnetite, gold, 
and other heavy minerals in the sluice boxes. The source of the tin placer he was 
not able to determine, but believed that it was in the bed rock of the immediate 
vicinity of the placers. At the time of the writer's visit to this district mining 
operations had scarcely begun. There were, however, a number of prospectors 
who had only learned a few days before, from a bulletin sent in by Mr. Brooks, 
that the heavy mineral found in the sluice boxes was of possible economic value. 
Considerable prospecting for tin was done after this time, the details of which are 
not definitely known. It is reported that stream tin has been found by prospectors 
in nearly all the streams northeast from York for a distance of about 20 miles. 
The streams mentioned as carrying placer tin are the Anikovik River and all of 
its tributaries, the Kanauguk River, Baituk Creek, Kinzuk Creek, and Lagoon 
Creek, flowing into Bering Sea, and Grouse, Buck, Yankee, Mint, and York 
creeks, flowing into the Arctic Ocean. The York River, the western branch of the 
Pinguk, is said to be very rich in placer tin.'' Gravel deposits, yielding from an 
ounce to a pound of tin to the pan, are reported to have been found. Pebbles of 
magnetite, worn smooth and having a luster resembling that of the tin, occur 
associatc^d with and are often not easily distinguished from the darker forms of 
the cassiterite. This iron, being (juite gcneniUy distributed through the placers 

«ReconnaisMiiu'cs in thf('ai>e Nome an<l Norton Buy KcKioiiM, Alavka. in l'J(HJ, p. 1:^6; and An (Kcurrence of stream 
tin In the York region, Ala.vka: MiruTal Resourct's V . S. 190(), pp. 2(i7-270. 
i>For this iulonnution the writer Ih indebted t<» T. B. Fi.sh. of York. 
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of the I'egrion, may have been in some instances mistaken for cassiterite by the 
prospectors. 

Tin veins, where found in other parts of the world, are usually associated with 
intrusions of granite or other acid igneous roc^ks. However, in Cornwall they 
are sometimes found in the slates adjacent to the granite. Wherever found the 
wall i*ocks are altered by mineralizing solutions, and are often impregnated with 
cassiterite. Where such veins wcur in granite the important ore bodies are often 
found to consist of this altered wall rock, the feldspar of the granite being replaced 
by cassiterite.'' 

No ai'id eruptive rocks have jet l>een found within the drainage area of the 
Anikovik River. There are large intrusive masses of greenstone, which are 
probably gabbros, at the head of this river and also on some of its eastern 
tributaries. Sills of schistose greenstone, whose origin is obst^ure, but which are 
probably altered basic intrusives, occur distributed through the slates of the York 
region. The stream tin may be associated in the bed rock with these basic 
intrusives, though such an oc*<;urrence would be unusual. Tin-bearing veins of a 
type similar to ordinary silver and copper- bearing veins may occur in the slates 
of the York district, and so a(*count for the distribution of the placer tin. 

The region about York in which the Anikovik River and other tin-bearing 
streams are located has, in recent geologic time, been reduced to a plain, possibly in 
part by wave action and in part by subserial erosion.* At this time a considerable 
thickness of rock strata was undoubtedly removed by erosive agencies, and the 
heavier constituents of these rock masses nuist have been more or less concentrated 
upon the plain surface. Subsequent to this base-leveling the York plain has been 
elevated to a plateau, which has been dissected by the creeks and rivers of the 
region. That the elevation of this plateau is an occuiTence of comjwratively recent 
geologic time is shown by the fact that the smaller creeks dow in sharply cut 
V-shaped canyons, and have scarcely begun to broaden their valleys. As these 
valleys and canyons are developed, the heavier materials of the surface are 
naturally reconcentrated in them. If during the base-leveling period the heavier 
concentrates of the erosive agencies were transported to any extent from their 
original sources, and if they are again concentrated in subsequent creek beds, they 
may be found removed some distance from their original sources. It is possible 
that the rocks from which they came may in some instances have been wholly 
removed, leaving no evidence in the present bed rock to show what they may 
have been. 

Waterworn pebbles and bowlders of gabbroic greenstone of the type which 
forms large masses about the head of the Anikovik River are common in the 

a Oenedls of ore-depofdtx, by F. Poeepny: Am. In^t. Miu. Eng.. 1902, p. 139. 

b Reoonnaisaances in the Capv Nome and Norton Bay Regions, Alaska, in 1900, p. 1S2. 
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beds of the Anikovik River and (xrouse Creek. These bowlders are frequent 
along Buhner Creek, where the tin was first found. No rock of this character 
has been found in the bed ro<^k within the Buhner Creek Basin* or indeed within 
5 miles of Buhner Creek. There is no evidence that these bowlders were 
transported to their present place otherwise than by being rolled along with 
currents of water. The possibility of their l>eing floated on shore ice at some 
time of submergence must be considered. The wide distribution of the stream 
tin in this region, together with the fact that pebbleiu and Ijowlders of known 
origin have been widely distributed independently of the present drainage, 
suggest at least that the original source of the stream tin may be some distance 
from the present deposits, and is not necessarily to l>e found within the present 
drainage of the streams where it occurs. Acid igneous intrusions, such as 
cassiterite veins, are usually associated with, are found in Cape Mountain 
and Brooks Mountain. The slates of Brooks Mountain have suffered great 
metamorphism. The York River, which is reported to be very rich in tin, heads 
in this mountain and carries granite pebbles and l)owlders, which suggests that 
the tin had its origin near the granite contact. The wide distribution of this 
mineral in the creeks of the York district justifies the belief that the veins from 
which it is derived will yet be discovered. 

ARCTIC REGION. 

The Arctic recording district includes the drainage of the Arctic Ocean between 
the Mint River and Shishmaref Inlet. The old recording office of the district, 
which was lo<*ated a few miles west of Ear Mountain, at the junction of Tuttle 
Creek with the Kugruk River, has been abandoned. The general area included 
in the Arctic district will, however, be descril>ed in this report under the heading 
"Arctic region.'' It includes a number of rivers and creeks which flow northwest- 
ward into the lagoons bordering the Arctic Ocean. The three largest of these 
rivers are designated on the map by the native names, Pinguk, Nuluk, and 
Kugruk.* All of these rivers have received attention from prospectors, and 
during the early part of the season of 1901, at the time of our visit, a mining 
camp was located on Tuttle Creek, one of the tributaries of the Kugruk. So far 
as is known to the writer, however, no discoveries of valuable placer deposits were 
made. Adjacent to the shore is a belt of low-lying coastal plain which is dotted 
over with small lakes and underlain by thick layers of gravel, but in which no 
bed rock is exposed. Back of this coastal plain there is a gently rolling plateau 
standing 400 to 500 feet above the sea, and more or less dissected by streams 
and river valleys. This upland plain is the continuation of the York Plateau. 
It is terminated to the south by more abrupt slopes rising to higher hills. 

aXhere aro two otht^ rivern of this name in the northern part of the Seward TeniuHula. 
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Pingvk Rmer, — ^This river flows into a lagoon about 30 miles northeast of 
Cape Prince of Wales, and has a serpentine course over the gravel of the 
coastal plain in its lower stretch. About 10 miles from the sea the river forks, the 
western fork being called the York River, the eastern being known as the McKillop 
River. The York River heads at the eastern end of Brooks Mountain, and flows 
northeastward to its junction with the McKillop River. In crossing the plateau 
above mentioned it occupies a valley from 200 to 300 feet deep. Along this 
valley slate bed rock is exposed through part of the distance, at least, and the 
stream gravels contain pebbles of slate derived from the Kuzitrin series as well 
as limestone derived from the Port Clarence limestones. It is reported that 
stream tin has been found in this river, with but little, if any, gold. No 
development work had been done on this river at the time of the writer's visit 
early in August. 

McKillop River rises in the limestone hills which form the eastern extension 
of the York Mountains. Its valley is cut almost wholly in limestones of the 
Port Clarence formation, and it is not known to have yielded colors of gold. 

Nulvk River, — This river enters the lagoon 40 miles northeast of Cape Prince 
of Wales. It heads in the high mountains made up of the Port Clarence limestone 
about 35 miles south of the Arctic Ocean. For 16 miles from its head the river 
occupies a canyon, varying from 100 to 1,000 feet in depth, cut in these Silurian 
limestones. Fossils of the same age as those north of Port Clarence were found 
about the head of the river. Northward along its course the character of the 
bed rock changes, and calcareous mica-schists are found. The Silurian limestones 
dip toward the schists, and near the contact with them are very highly folded. 
These schists are believed to overlie the limestones. 

The coastal plain gravel extends inland farther along the Nuluk River than 
it does on the other rivers of this region. No colors of gold are known to' have 
been found in the gravels of the Nuluk River or of its tributaries. The 
unaltered limestones through which it flows do not contain mineralized veins, and 
are not promising as sources of placer gold. 

Kiigruk River.^ — ^This river enters the lagoon about 45 miles northeast of 
Cape Prince of Wales, and lies almost wholly within the coastal plain gravels 
and the York Plateau. Its source is about 25 miles from the sea, but it has 
a number of tributaries from the northeast side, which give it a comparatively 
large drainage area. 

The bed rock about the river's head is limestone and calcareous schist, with 
some intrusive greenstones. The river and its tributaries have cut valleys from 200 
to 400 feet deep in this bed rock. These limestones arc probably in part Silurian, 

alt should be iiuted that there are two other rivera of this name In the region. 
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but they are more highly crystalline than the Port Clarence limestone, and their 
exact relation to that formation was not determined. 

The bed rock along the Kugruk River seems promising for placer gold. Many 
claims were found staked along it and its tributaries, although very few prospectors 
were seen in the region. It is not known to the writer that gold has been found 
along the river. 

Tuttle Creek is a northern tributary of the Kugruk River, about 10 miles from 
the mouth. The creek heads on the north side of Ear Mountain, and has cut a 
rather narrow valley in the plateau which surrounds the mountain. During the 
summer of 1901 Tuttle Creek was the scene of a small excitement caused by reports 
brought out the year before. About 50 men visited the creek during the course 
of the summer. Colors of gold and small nuggets are reported to have been found 
in the gravels, but the creek was practicall}'^ abandoned before the end of the 
season. Through much of its length the creek meanders over gravel flats with no 
bed-rock exposures, but about 5 miles from its head dark quartzite or slate bed 
rock outcrops. This quartzite extends to the head of the creek at Ear Mountain, 
contains large intrusions of granite, and is more or less metamorphosed by them. 
The stratigraphic relations of these slates could not be definitely determined. In 
lithologic character they resemble Kuzitrin rocks, and are regarded by the writer 
as belonging to that formation. 

Other Htveam^. — Between the Kugruk River and Shishmaref Inlet there are 
several small streams, none of which were visited by members of the Geological 
Survey party. It is not known that any of these have yielded colors of gold. 

Qiuirtz veliiH, — The dark slates in which the granite of Ear Mountain is intruded 
are often cut by small veins of quailz more or less mineralized. A specimen taken 
from a slide in the bank of Crosby Creek, about 3 miles south of Ear Mountain, 
consisted of glassy quartz and large crystals of pyrite. It was assayed by Dr. E. T. 
Allen, of the United States Geological Survey, and showed a trace of gold. 

SHISHMAREF REGION. 

The Arctic drainage of the region lying east of the Arctic district will be con- 
sidered under this heading. The name is taken from Shishmaref Inlet, which is the 
deepest emba^^ment on the northern coast line of the peninsula. The region all lies 
in the Goodhope recording district, which also embraces a considerable area to the 
east, outside of the region surveyed by our party. 

This district includes the drainage of Shishmaref Inlet and the western drainage 
of Goodhope Bay, together with the peninsula lying between them on which Devil 
Mountain is situated. As far as known to the writer no gold has been found in this 
district east of Shishmaref Inlet. 
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With the exception of Devil Mountain, the region between Shishmaref and 
Goodhope Bay is low and flat. It was not explored by members of the Geological 
Survey party, and little is definitely known of it. The surface, as viewed from 
Ear Mountain and Midnight Mountain, appears to be an erosion plain slightly 
elevated above sea level, above which rise a few low dome-shaped buttes. The 
topography of these buttes suggests that the bed rock is composed of schist and 
limestone. Devil Mountain rises about 600 feet above the general level, and is a 
ridge with a northwest trend, and has on its summit a number of jagged crags. 
Kotzebue, who named the mountain, compared its irregular crest to a ruined castle. 
These rocks are probably outcrops of granite similar to that of E^r Mountain. 

The rivers flowing into Shishmaref Inlet have received considerable attention 
from prospectors. A recording office and Shishmaref post-office are located on 
Sarichef Island, at the northeastern entrance to Shishmaref Inlet. The writer 
was informed by Charles W. Mashbum, the deputy recorder of the district, that 
there is a good harbor for small coasting vessels at this place, and that the 
Serpentine, the largest river of the district, is navigable for small steamers for 
at least 20 miles inland. Kotzebue reported 8 fathoms of water at this entrance. 
Shishmaref Inlet is bordered by a wide coastal plain, made up of gravel, from the 
margin of which a dissected erosion plain slopes upward to an elevation of 500 
to 1,000 feet. Ear Mountain, Kugruk Mountain, Midnight Mountain, and Devil 
Mountain, rising above this plateau, mark the limits of the Shishmaref drainage. 
The Sei*pentine and Arctic rivers are the two most important streams of the 
basin. 

Arctic River. — ^The Arctic Kiver rises south of Ear Mountain, has a length of 
about 25 miles, and flows into the west side of Shishmaref Inlet. Southeast of E^r 
Mountain the course of this river is in a broad basin containing a number of 
small lakes. Below this basin the river has cut a well-defined canyon. Viewed 
from the surrounding hills the basin appears to be an old lake bed. A broad, 
flat divide, which has what appears to be an abandoned river channel across it, 
separates this basin from the drainage of the Kugruk River of the Arctic region. 

The bed rock is highly crystalline limestone and calcareous schists, with 
occasional highly altered greenstones. Veins and stringers of quartz are frequent. 
These limestones and calcareous schists were found within a short distance of the 
slates of Ear Mountain. If, as seems probable, they overlie these slates, they 
are to be correlated in part with the Port Clarence limestones. Their highly 
altered condition, however, in the absence of definite stratigraphic evidence, makes 
this correlation doubtful, and they have therefore been mapped with the more 
indefinite Kugruk group of schists and limestones.^ 

a See description of the Nome series, pp. 21-24. 
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Many of the trilutaries of Arctic River have been staked, and colors of gold are 
reported to have been found. At the time of the writer's visit, in August, all of the 
prospectors had left the river. 

Serpentine River, — This is the largest river of the district. Heading near Mid- 
night Mountain, about 35 miles from Shishmaref Inlet, it flows into that inlet by a 
very sinuo::s course, from which character it receives its name. The river was first 
explored and named by Charles McLennan, who, with dog team and Eskimo assistants, 
made a trip into the region from Shishmaref Inlet in May, 1900. McLennan was 
probably the first white man to reach the hot springs on Spring Creek, a tributary 
cf this river. He staked a number of claims along this creek, and prepared a map 
of the region, a copy of which was received in Washington in March, 1901. In 
September, 1901, the writer found a small settlement at the hot springs, but no trace 
of the claim stakes set up by McLennan the year before remained. A small garden 
had been made on some of the ground near one of the springs, and vegetables, 
consisting of lettuce and i-adishes, had been grown without difficulty. 

The bed rock of the Serpentine River Basin above the coastal gravel belt consists 
of dark graphitic and feldspathic mica-schists, which form Midnight Mountain, and 
of crystalline limestones and mica-schists of the Kugruk group. The relations of 
the dark schists to the limestones were not determined, though they are regarded as 
belonging to the Kugruk series. In the vicinity of the hot springs these dark schists 
have been, intruded by extensive granite masses, forming a large area of granite. 
This granite outcrops in needles and pinnacles, produced by weathering along a double 
set of joints. 

Colors of gold are reported to have been found on a number of the tribu- 
taries of the middle fork of this river, and in September a number of miners 
were preparing to winter in the neighborhood, the principal settlement being at 
the hot springs. In the season of 1901 development work preparatory^ to mining 
was report>ed on Schlitz, Bella, and Bryan creeks. No gold in commercial quan- 
tities has yet been taken from any of those creeks, and owing to the limited 
amount of time at his disposal the writer was unable to visit them. 

Two routes of travel are used by prospectors entering this region overland. 
The first is from Teller to the junction of the Agiapuk and American rivers, 
thence up the American River and Portage Creek to the divide, and around the 
north end of Kugruk Mountain. The second is from Nome or Teller b}^ wa}' 
of the Kugruk River and Macklin Creek. This creek heads within a short dis- 
tance of the head of the S(*rpentine River. The first of these routes is used for 
travel with dog teams in the wintcM-; the second is more generally traveled in 
summer. 

Along Spring Creek for a distance of about half a mile there are hot sul- 
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to have been found in the tributaries which enter the Agiapuk from the north 
side. The unaltei'ed and unmineralized charai^ter of the bed rock is not favorable 
for the occurrence of gold. 

Aitierican River. — The American Kiver is the eastern and larger fork of the 
Agiapuk. It joins the Agiapuk River in a broad, gravel-tilled basin, and for 20 
mile8 up is characterized by a wide flood plain and a meiindering course. It 
receives a number of large tributaries from the east, which also have wide flood 
plains developed in their lower parts. The imiK)rtant tributaries are Portage 
Creek, Budd Creek, and Igloo Creek, while smaller tributaries are Burke, Gold 
Run, Dome, and Camp creeks. All of these tributaries have received some 
attention from prospectors. The river is easily navigable for small boats for 
several miles al)ove the mouth of Portage Creek, and the region can also be 
easily reached by pack train from Teller. 

During our brief stay in this region in the latter part of August no mining 
was being carried on, and but few prospectors were seen, although gold had been 
discovered in the region in September of the previous year, and a number of 
the streams" are known to !>e gold-bearing to some extent. Some assessment 
work, consisting of prospect holes and crosscut ditches, had been done earlier 
in the summer. 

Above Portage Creek the American River has an east-west course for a)K)ut 20 
nnles. This part of the river was not examined by the writer, and no discoveries of 
gold are known to have been made. The bed rock at the head of the river consists 
of the limestones of the Port C-larence formation. These limestones are little altered 
and are not mineralized to any extent, and are probably not productive of placer 
gold. At the mouth of Portage Creek, where this river was examined, the bed rock 
consists of calcareous mica-schists and limestones, which are more promising as a 
source of plainer gold. The bed rock betwec^n these i)oint< is not known, although 
the topography suggests the extension of the Port Clarenc(» limestones for some 
distance down the stream. 

Portage Creek heads about 15 miles southwest of Shishmaref Inlet, and flows 
eastward for seveml milc»s in a canyon cut in the pleateau which slopi\s down to 
that inlet. It then turns southward and flows in a eonipai-atively deep valley 
for 10 miles, to its junction with the American Kiver. Through the last 5 miles 
before entering the American River a broad flood plain is devt^loped, within 
which the creek has a verv sinuous course. 

Along Portage* Creek limestones and calcareous mica-schists, with occasional 
beds of gniphitic schist, constitutt* the bed rock. Prospect holes and one 
crosscut ditch lon feet long wen* seen, but no active mining was in progress. 

ciKccunnaiHHaiiii'ea iu the CniK.* Noiiu' uikI Norton Buy UcgioUH, AlHiika. in 1900. p. 125. 
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Budd Creek enters the American River from the east, about 6 miles below 
Portage Creek. It is 15 to 20 miles in length. About 3 miles from its mouth it 
receives a large tributary, Windy Creek, fronn the south side. About 10 miles 
above its mouth it forks, the two parts coming from the north and south, their 
direction being determined by the strike of the bed rocks. 

The bed rock on Budd Creek is composed of crystalline limestones, calcareous 
mica-schists, and graphitic schists, usually striking in a north-south direction, and 
having dips varying from 0'^ to 70°. Kugruk Mountain, a few miles east of 
the forks of Budd Creek, is made up of quartz-mica-schist, which has been 
thrown up into an anticline. Below the forks the creek sinks, leaving its bed 
dry except in times of high water. After flowing underground for about 2 
miles, the creek rises again in a number of springs. This sink occurs where a 
massive bed of limestone, dipping downstream at a small angle, cuts across 
the creek. 

Windy Creek is tributary to Budd Creek from the south about 5 miles from 
its mouth. This creek is about 5 miles long and flows nearly north, parallel to 
the strike of the bed rock, which consists of more or less flaggy beds of limestone, 
between which there is a strata of graphitic schist that outcrops along nearly the 
whole length of the creek. Near the head of the creek its bed contains many 
bowlders of greenstone, which are derived from sills intruded in the limestone 
near its head. The valley of Windy Creek is broad and gravel filled. Along 
the sides of the valley, back from the creek bed, the gravel extends up the slopes, 
forming some well-marked gravel benches. A cut bank of the creek shows 6 
feet of muck overlying 6 feet of gravel. Prospecting has not reached bed rock. 

Along the upper parts of Budd Creek many claims have been staked, and 
assessment work, consisting of prospect pits and crosscut ditches, has been done 
in a number of places. Windy Creek is staked by one company for about 3 
miles of its length. No prospe>ctors were seen on Budd Creek or its tributaries, 
and no active mining has been done. This creek carries suflicient water for 
sluicing, except at the places where it sinks in passing over limestone. The same 
is true of Windy Creek, the large southern tributary. 

Igloo Creek, also called on some maps Lewis Creek, enters the American River 
a few miles above its junction with the Agiapuk. This creek, like Budd Creek, 
flows west across the strike of the bed rock, which, as on Budd Creek, consists of 
limestones, calcareous and graphitic schists, with some intruded sills of greenstone, 
which are highly altered. Like Budd Creek, Igloo Creek sinks for about a mile 
of its course, probably in crossing the same bed of limestone that causes the sink 
gn Budd Creek. In its lower course Igloo Creek meanders over a broad flood 
plain, from which the hills rise by very gentle slopes to the flat-topped upland. 
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Bendeleben mountains, and receives the drainage of the southern slopes of the 
Bendeleben Mountains. 

The drainage basin of the Kuzitrin River has produced placer gold in a number 
of widely scattered localities, and its placers have been more or less exploited since 
the winter of 1899." It was originally di voided into two recording districts, the one 
known as the Kugruk district including the drainage of the Kugruk River below 
the mouth of that river, while the other, known as the Kuzitrin district, includes 
all the drainage of the Kuzitrin above the mouth of the Kugruk. From the head 
of Imuruk Basin to Marys Igloo, a distance of about 20 miles, the Kuzitrin River 
has no well-defined channel, but flows through a succession of small lakes or 
sloughs with many low islands between. This part of the river is called Kaviruk 
by the natives, and is, in fact, the delta portion of the Kuzitrin and Kruzgamepa 
rivers. Small steamers ascend the river to Marys Igloo, where is the first rapid 
and the limit of tidal influence. From Marys Igloo to the mouth of the Kugruk 
the river occupies a broad canyon cut in the upland. Through this canyon 
the river has long stretches of comparatively' quiet water with small rapids 
between. The total fall in this distance does not exceed 100 feet. Above the 
mouth of the Kugruk a low, gravel-filled basin extends to the northeastward for 
a distance of 20 miles, with its longer axis parallel to the Bendeleben Mountains. 
In this basin the Kuzitrin River and its tributaries meander extensivelv. The 
southern tributaries of the Kuzitrin, before entering the lowland, emerge from 
deeply cut valleys in the Bendeleben Mountains, while the northern tributaries 
occupy canyons cut in a high plateau to the northward. The large^st northern 
tributaries are the Kugruk and Noxapaga rivers. 

The production of the whole drainage basin of the Kuzitrin River did not exceed 
f35,(K)0 during the season of 1901. This amount is considembly less than the 
estimated product for 1900. The decrease in the production is due to the exhaustion, 
during the previous season, of certain shallow deposits of rich pay dirt and to the 
unusual shortness of the season of 1901, which did not pennit the completion of 
sj'stematic development work. 

Along the Kuzitrin River below the mouth of the Kugruk the Tx?d rock, 
wherever exposed, consists of the black slates and schists of the Kuzitrin series and 
the biotite-schists and gmnites of the Kigluaik series. No gold has Ikh^u obtained 
in this part of the district. 

Quartz Creek was visited by Brooks in 1900 and is des<*rilHHl in detail in the 
report of that season's work.* The creek occupies a narrow valley, cut to a depth 
of 50 to 100 feet in a high gnivel plain west of the Kugruk River. 

a Ret^onnaiHuanct's in the Ca|K* Nome an<l Norton B»iy Regions, Aliu^kn, in 1*HX), |»p 119-125. 
fridem, p. 121. 
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flows in a sharply cut canyon across the same high gravel plain. About 5 miles up, 
however, at the point where the wagon road from Lanes I^anding to Quartz Creek 
crosses, the bed rock, consisting of a highly altered mica-schist, is probably near the 
surface. Some successful mining is said to have })een done along this creek during 
the summer of 1901. This work had been suspended, however, at the time of the 
writer's visit in September. 

Quartz Creek and Coffee Creek seem to carry considerable gold disseminated 
through a large amount of gravel. The deposits of gravel which can l^e worked 
successfully by the methods of mining now in use are probably of limited extent, so 
that more refined and economical methods will have to be ultimatel}' adopted. 
Water for hydraulic purposes can prolmbly be brought in a ditch from the head of 
Windy Creek, a distance not exceeding 10 miles. Brooks called attention to the 
probable occurrence of gold in gravels of the bench in which these creeks have 
incised their courses. These may possibly be worked by hydraulic methods. 
During ordinary seasons these creeks all carry sufficient water for mining by the 
methods now in use. 

The Kugruk River is a large northern tributary of the Kuzitrin. It has a 
length, neglecting meanders and minor bends, of about 60 miles. Throughout the 
greater part of its course it occupies a canyon cut in a high plateau- like upland, 
which varies in elevation from 1,200 to 1,800 feet. 

About 10 miles above its mouth the Kugruk River emerges upon the Kuzitrin 
lowland from its canyon. The course of this canyon is approximatelj^ north and 
south for 30 miles, and follows in a general way the strike of the bed rock. Below 
the mouth of Coarse Gold Creek the can^'on is sharply cut, and no gravel benches or 
extensive gravel bars were observed in the creek bed. Above Coarse (iold Creek 
the valley broadens. At this place there are broad l)enches, about 20 feet above the 
river bed, cut on the upturned edges of the schists, and covered with several feet 
of gravel. Similar gravel benches occur occiusionally as far as the mouth of Taylor 
Creek, above which point the creek bed was not examined in detail. At the mouth 
of Macklin Creek the Kugruk River turns sharply, and above this place it flows in 
an east-west direction from its source at the east base of Kugruk Mountain. 

The bed rock along the Kugruk River is generally highly metamorphosed, 
consisting of mica-schists and calcareous schists, with large intrusions of greenstone. 
The greenstone is schistose, but has a porphyritic; texture, the phenoiT3^sts being 
hornblende, while the groundmass is made up essentially of epidote, hornblende, 
quartz, and chlorite, mostly secondary minerals. 

Colors of gold are reported to have been found pretty generally distributed in 
the gravels along the Kugruk. (lood prospects of placer gold and some mining are 
reported on Windy, Neva, North Fork, Coarse Gold, Henry, Taylor, and Macklin 
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creeks, tributaries of the Kii^ruk Itiver. Muny smallor trilmtjirics have bt^en 
staked to some extent, but of them tlie writor has no personal kno\vlodi»"o. 

Windv Creek is a hirge tributiirv of th<^ Kuyfnik KiviM- from tho wost. Its 
source is near that of Igloo Clrcek, which is tributary to the Agiapuk. Windy 
Creek flows across the strike of tht> Iwd rock in a d<M'p canyon, cut in the Kut^ruk 
Plateau. The gravels -seen at the mouth of this «'nM»k consist of ^^recnstonc, 
limestone, and mica -schist. The bed rock alontr the «'reek is r«'jM)rted to Ik* a 
series of limestones and niica-s<-hists. 

Sluicing is n^|K)rted to have been carried on for* about two weeks on N<». 14 on 
this (rreek, and developments mad*' on a number <if claims pn'paratorv for work n(»xt 
season. Windy Creek carri<»s sufHcient water for onlinarv minin«r piirjM)ses. 

Neva Creek is a short tributarv of the Kiijrnik Hiver from th<' <'ast side, about 
one-fourth of a mih^ aljove the mouth of Windv Cre«'k. The brd i<ick at its mouth 
is gray mica-schist, highly metamorphosed. Siuicinjr was don*' in shallow gravels 
near the mouth of the creek <luring the ^ununer. At the tinn' of the writer's visit 
the camp was deserted, although the sluice boxes and i-anvas hos«' were still in 
jxisitioYi. 

North Fork is a larjre tribut^irv of lln' Kujrruk Kiver from the «'ast, about U^ 
miles al)Ove Windv Crec^k. Harris Creek tlows into North Fork about 4 miles from 
its mouth. The original discoveries of gold in the Kugruk region w(M-e ma<le on 
Harris Creek, but during the season of ll»(»o it ])rodu<'<'<l little gold. The writer was 
unable to visit the workings on this creek, but receive*! tin' following information in 
regard to it from a prospe«'tor. Mining was in j)rogress during September, IIM»1, 
on claims Nos. 4 to U>, inclusive. The <Teek cuts a<Toss the >trik<' of the .series <»f 
limestones an«l schists. At claim No. 11 the cn'ck enters a liiucstone InOt and sinks. 
Throughout nearly all the workings watei* for sluicing is insullicient on account of 
this sink. In all, 14 men were enir!ii5<*d in nxkini:' and sluicinir <>n Harris Ci-«'ek 
during Si'ptember. In these claims the hed rork consist^, of i-,.(l nnd yellow clay, on 
which the pay gravel lies to a dei)tli of from .'> inrln'-- to 4 or ."» feet. Above the siidv 
Harris CJreek carries an amount of wat^r ami)ly >ullici«'nt for mining purposes. 
North Fork and its tributaries gi^nei-ally liiivr brrn stakiMJ and ]»i()sprct<Ml to some 
extent. No mining has been dom^ i'\<-ej)t on Harris Cii'ck. 

(V)arse (iold Creek is a \nv*jr lrii)ulai"\' of the KuL'r'uk Ki\er from tin* west 
side, about a mile above North Kork. It heads in tlie liiLih di\i<le betw»'en the 
Kugruk and Agiapuk di-ainages, and llows eastwar<l. eulting aci'o>s the strike 
of the schists and liun'stone^. .\t the moulh of tlu' ercek the hiMJ rock consists 
of highly altei'cd mica-schists. Colors «»f gold ha\i* be«'n fouml in the creek, hut 
no mining lias b(MMi done. 

Henrv Ci'crk is ti"ihutar\ to the Ku«rink Kixer from the Wi'st. about 1<> miles 
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a}M)vc the mouth of the North Fork. It heads in the high divide south of Ku^ruk 
Mountain, and flows eastward in a deep canyon cut in the upland and across the 
strike of the schist and limestone bed rock. Good prospects of gold have been found 
on this creek, but no mining has }>een done. On the Kugruk River, immediately 
below the mouth of Henry Creek, a mining ditch hivs been dug and sluice boxes 
set up to work the gravels near the river. The mine was not in operation in 
Septeml)er. 

The KugruK River forks about 35 miles from its mouth, the })ranches being 
of al)out ecjual size. The eustern fork is called Taylor Creek, while the western 
retains the name Kugiiik River. Taylor Creek rises to the southeast of Midnight 
Mountain, and flows west to it*^ jun(*tion with the Kugruk River. It occupies a 
valley about 8(H) feet deep, cut in the plateau on which Midnight Mountain 
stands. The l>ed roi'k at the mouth of Tavlor Creek is a dark schist similar to 
that of Midnight Mountain, while immediately south of that mountain, at a point 
about ♦) miles from the mouth of Taylor Creek, there are exposures of very 
much altei*ed limestone. The creek proba})ly cuts across the strike of a series 
of beds of schLst and limestone. Colors of gold are known to have been found 
on this creek and some of its tributaries, but no mining has been attempted. 

Macklin Creek is a tributary of the Kugruk River from the eivst side, alx)ut 
6 miles above the mouth of Taylor Creek. It heads near the base of Midnight 
Mountain and flows westward al)out 6 miles to its junction with the Kugruk 
River. For several miles Macklin Creek flows |>arallel to Schlitz Creek, tributary 
to the Serpentine River, and a low pass between the two creeks suggests an old 
WTiterway. The creek occupies a rather broad valley cut in the upland. The 
bed roc^k, where it has been seen, consists of dark feidspathic, graphitic mica-schist, 
similar to that of Midnight Mountain. Promising prospects of gold were discov- 
ered on Macklin Creek in the summer of liMH). There are 2l> claims on the 
creek, and considerable development work preparatory to mining was done during 
the summer of IiH)I, but by the middle of SeptemWr no sluicing had l>een 
done. The thick vegetable growth of the hillsides also covers the creek bed, 
making a great deal of stripping necessary before mining can l)e l>egun. The 
pay gravel contains many angular fragments of graphitic schist. In the pay 
streak as high as 75 centd to the pan lias been obtained, though the average is 
much less. Some sluicing was done on the ci'eek after the time of the writer's 
visit. Though the exact results obtained are not known, they are reix)rted to have 
Ihhmi satisfactorv and to justifv a continuation of the work next vear. Mai*klin 
Creek at the point where the pi-esent mines are located carries suflicient water 
for sluicing in all ordinary seasons. 

AlxHit l^ miles northeast of the mouth of the Kugruk the Kuzitrin River forks, 
the northern fork Ijcing willed the Noxapaga, while the eastern branch retains tha 



(W) REC()NNAISSAN(^K OF NOKTHWKSTERN 1»()RTI<)N <>K SKWARI) PENINSULA. 

the mouth of Bouldor Crook Tumor Creok roceivos a number of tributarie^s, 
which together form a fan-sliaped basin in the plateau surface. The larger forks 
of the creek head near lialdy Mountain. No mining has l>eon done along Turner 
Creek, although good prospects of gold are n^portt^d to have been found and the 
whole creek is staked. 

Boulder Crook occupies a straight, nithcu* broad valle>% which Is deeply cut in 
the higher upland about the cre(»k's head, but has loss doi)th in the lower country, 
where Boulder empties into Turner Creok. Tin* IkkI rock is calcareous schists and 
limestones, with some beds of graphitic schists, whose relations to the other 
schists were not determined. The rocks are deeply covered with moss, nuick, and 
gravel, so that they are exposed only in mining excavations. Gold in jmying 
quantities was discovered on I^)ulder Creek c^arly in the sunmier of 1901. Twenty 
claims have been staked on the creek, all of which are roportc^d to show colors 
of gold. Sluicing was l)egun on the creek about August 8, and some gold had 
l>een taken out with the rockers previous to that time. At the time of the 
writer s visit mining was in progress on claims between 3 and 7, and development 
work, consisting of stripping off the moss and nuick, had been done on several 
othei's. On a claim about li miles from the mouth of the creek Iwth sluicing 
and rocking were in progress. Al>out 2^ feet of moss and muck had been 
removed, exposing gravel consisting of angular fragments of graphitic schist and 
limestone. The gravel is re|)ortod to carry pay at this plaice to a depth of 4 or 
5 feet. Inflow which it has not l>(H>n tested, owing to the frozen ground. A width 
of 56 feet of \my gravel has Iwon uncovered. Good pros|>ects are reported to 
have l>een found in test pits KM) fo(»t or more from the creek bed, indicating a 
greater width for the pay streak. About throe-fourths of a mile above this mine 
a prospect hoh» through the gnivol to a depth of 11 feet failed to reach solid bed 
rock. The gravel there consisted mainly of limestone pebbles. Although the 
surface covering of moss and muck had been removed, the |>ay gmvel below it 
was still frozen in September. A layer of pay dirt a few inches thick thawed 
each dav, and was shoveled into sluice boxes and rockers. The whole area that 
has been worked on the creek if put together would not exceed 100 feet square. 
The gold is comparatively coarse, as nuggets from 25 cents up are not unconmion. 
These are usually rounded and dark (colored. The largest nugget so far taken 
weighed over two ounces and was valued at $'M), It was a well-rounded piece 
of gold, stained with iron. Mr. A. D. Nash, who controlled the freighting on 
the Noxapaga River and handled most of the gold from the creek, estimated that 
the creek produced }?7,0i)0 during the season of VM)l, 

At the time of the writer's visit, in Soptoml)er, Boulder Creek carried a 
volume of water sulHcient to run seveml sluice boxes. It will probably carry 
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sufficient water for sluicing in all ordinary seasons. Should hydraulic methods 
be adopted on this creek, water can prolwibh'^ he brou<^ht from Turner Creek in 
a ditch not over 5 miles in length. 

Near the Noxapaga, at the mouth of Turner (!reek, a low, round hill, alx)ut 50 
feet high, rises above the level of the lowland. This low hutte is similar in form 
to many others scattered over the lowland, and is the remnant of an upp(»r gnxvel 
plain which has in part ])cen removed by erosion. Th(» edge of the upper plain 
Is usually marked by a sharply rut escarj)ment, from which partly isolated points 
oft^»n project, showing the phases of transition Ix^tween the isolated butte and 
the continuous gravel plain. The butte near Noxapaga consists mainly of a dark 
deposit of impure |)eat mixed with layers of white sand. The pinit contains 
trunks, Iwrk, and limbs of spru<*e trees. The smaller branches are flattened 
by pressure of overlying gnivels. The lay(M*s of whitc^ sjind resemble sea-beach 
deposits, and suggest a driftwood origin for the peat. There is no spruce 
timber at present growing within the drainage of the Kuzitrin and Noxapaga 
rivers. At the time of this de[)osition, however, the climate here was undoubtedly 
milder, as is evidenced by the remains of the elc^phant and horse* found in gravels 
of this period. At the base of the coal ))utte there is a large minenil spring from 
which carl>onic acid escapes. The water is cold and resembl(»s in taste that of 
soda springs, but no sample was taken for analysis. ThcM'e is no connection 
l)etween the spring and the coal butte, and their proximity is accidcMital. The 
peat has been tried with some success jis fuel for steam thawers, and the butte 
is stakexl as a coal mine. It ma}' prove of some importance in th(* devel()])ment 
of the mines of the vicinitv. 

A num])er of creeks ent(»r the Noxapaga Uiver from th** north, parallel to 
Turner and Bowlder creeks. These have been staked gcMierally, and to some 
extent pros|)ected. So far as is known to the writer, no mining has been done 
on an}' of them, with the exception of (loose Crec^k, a small tributary of the 
Noxapaga, 4 miles al)Ove Turner Creek. One man is reported to have mined 
continuously through the season on this creek. Tin* writer was not able to visit 
the mines, and is indebted for his information in regard to the region to ^Ir. Lars 
Gunderson, recorder of the district. There is only on<^ claim of importance on 
the ci*eek. This claim was worked continuously, but the amount of gold obtained 
is not known. The bed rock is mica-schist and limestone. 

East of Goose Creek the region betweiMi the Noxapaga and Kuzitrin rivers 
is reported to be covered with lava. This lava llow^ extends down to the Noxapaga 
River, and is found on tin* north side of the river at a point about midway between 
Noxapaga and Goose Creek. At this point the lava overlies the Pleistocent^ gravels, 
which here overlie mica-schists exposiMJ in the river banks. 
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Southern trihutnri^M of ilut KuzUrh}, — The creeks flowing into the Kiizitrin 
from the south side have not produced gold in commercial quantities; however, 
the writer was informed by a prospector that on Birch Creek some sluicing has 
been done. The pay gravel consist(^d mainly of decomposed granite, and the l)ed 
rock was also granite. The gold is probablv derived from the rocks of the 
Kigluaik series. The mountains of the Bendeleben group are less rugged than 
the Kigluaik Mountains, and there has been little, if any, glacial erosion in them. 
If gold oc<!urs in these rocks it is more likely to be concentrated in the gmvels 
of the Bendeleben Range than in those of the Kigluaik Mount^iins. 
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